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PROCEEDINGS 

OF THK 

NEW ZEALAND INSTITUTE, 

1 928 . 

.AILNIITICS OK ANNUAi. MKKTfNO OF THE 
BO AIM) OF OOVFJJNOBS, 

•-'(ith JANUARY. 1928. 

Tho Ainiiiiil Mooting oL* llie IWrd of (iovoriiors of the New Zea- 
land Instil iit(‘ Avas lield in A'ietoria TnivovsifA (\)lIoj>e, AVelliii^ton, 
at 10 a.in. ou Tlnirsday, 2Gtli daniian, 1028 

Prestni.— 11e()r(‘srntiii^ the («o\eriim(‘ut : Mr. B. (\ Aston (Presi- 
dent); Dr. i\ Uliiltoii, Dr L. Porkayiie, and Di*. J. A. Thomson. 

Bei)r(‘seiitin^* .XiuTlaiid Institute: l^rolcssor JF. \V. Sec^ar and 
I^rofessor F. ]\ AVorley. 

RepiT'sontiiij; Wollinutou Pliilosoi)lueal Soeietv : AFr. (i A", llnd- 

S(ni. 

R(‘f)reseiitini!: Fhilosophic al Institute of ( ’anl<‘r]>ur\ : J'^rofessor F. 
iA>lerid<»'e Farr, and Mr, A. M. Wrif»lit. 

lve})resentin<> Otai»o Institute: Proiessor eT. I^ark and Hon. G. At. 
Thomson, M.Fj.F. 

Reprc'sentinj^ Nidson Institute: Prolessor Faslei’titdd. 

Representing [la\\k(‘’s Bay Philoso])liieal institute: Mr li. Hill. 

F^epres'entiim Alananatu J Philosophical So<det\ : Air. AI. A. Fliott, 
ilon. Treasiu*er. 

The Hon. Fditor, AFr. J. (k Anderson, and the Hon. Secretary, 
Dr. TP. Alarsliall, VAcre also j)resent. 

Apo1o()i(s for ohsvuc(, — Apolofj^ies w(‘re received from His Exeel- 
leney the ( JovcM'iior-General, and from Professor Kirk. T^atm’ 
apologias were also re(*eived I'rom the Right TIon. tiie ]Priine Alinister. 
and from the Acting Hon. Alinister of Internal Affairs. 

Pr( si(I( niiol Addnss. — The Pjvsident read his address, the meet- 
ing standing while he read tho nanu‘s ot* the AIem])ors and Honorary 
Momhers who had died during the year. JProfessor Farr moved ajid 
All*. Hudson sc'conded that the President ho thanked for his address, 
and that he allow’ it to he printed in the Tninsaclions of iftr Nctv 
ZcidamJ hisiiiiit^. 

Fellowship Election mid so oil. — The election of two Fellows was 
tlien proceeded with and the President announced that Dr. IT. H. 
Allan, of Foildiiig, and Professor J. A. Bartrum, of Auckland, had 
been duly elected. 

A 
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Xnmbir of Fdlows fo lx (Uchd in 1929.- On the motion of Dr. 
(^)ekayiie seconded ])> Mr. Hill it was resolved tliat two Fellows be 
<'lecte(i in 1929. 

Hector TJk' President announced that tlie vo])OVi ol* the 

Hector A\Nard Ooinmittee was not avaihible, and moved that the 
jcM-eipl of the vv]H)v\ and action on the same l)e delcj^ated to the 
Standinj^ ( \)nnni1te(‘. This was seconded by .Mr. Pliott and carried. 

Amount of VrizL-~A)\\ the motion of Dr. (\)ckayno seconded by 
^Ir. Hudson it was rcsol\(‘d llial the amount of tlie Hector Prize for 
1928 be ^150. 

El((lion of llonorarn Monlxrs.- T])e Keturnijif? Officer re])orted 
that tlie (bllowinu had becni ele<*t(‘d : Dr. J. S. Haldane, Dr. A. AV. 
Hill, Sir Dii\id Orm<‘ Masson, Sir John liiissell, Processor A. 0. 
Seward, Ih^oiessor J. Artluir Tliomson. 

Vavom U'^ in IJiniorurif M( mix rship. ~~ It was announced that 
Protessoj* Sars and Professor Iji\ersid^‘(‘ had died dnrini; the year, 
and twm vacaiK'ies W('re thus (‘rented. 

AVpor/s of Incorporal vd Soedfics. — The reports and balance 
slus'ts of tli(‘ following soci(‘tj(‘S were laid on the table and referred 
to the TIon. TreasunT for inspection and report: — 

Auckland Institute for ;^ear endinj^ 8th Februaiw , 1927. 

WeHinelon Philoso])hical Society for year (‘ndini» ‘Hst October, 
1927. 

Philoso])liical Institute of Oanterbury for >oar (Mulinj^ 31st 
Octobi'r, 1927. 

Ota^o Institute for \eaj* endinj^ 3()th November, 1927. 

\(*lson Institute for year ending 31st October, 1927. 

Ilawlo's T>a> Institute for year endinjj^ 3 1st Decsunlrer. 1927. 

RPPOKT OF STAXDINO (M)M:\ITTTEK 
FOR THE YEAR ENDING 31 si DEGEMBER, 1927. 

Ml. I rrN(,s. — Duriiii? the >ear S(‘\(mi ordinary nioetinKS and one si)ccial 
meeting of tlie Standiiu; C’eniinittce lune becMi held, the iittcnidance heins as 
tollow's. Mr. B. G Aston, W'dliTif^ton, S, Mr G. V. Hudson, Wellington, 8: 
Professor Kirk, Wellington, r>, Hon. G. M Thomson, Dunedin, 4; Dr. Thom- 
son, Wellington, 4; Dr. (\)ckiivno, Ngaio, ?>: Mr. A. M. Wright, Ghristchurcli, 
2: Mr. M A Eliott, Palmerston North, 2. Professor Segar, Auckland, 1; 
Professor Easterfield, Nelson, 1; Professor Farr, Ghristchurch, 1; Professor 
Paik, Dunedin, 1; Mr. H. Hill, Napier, 1; Ifon. Secretary, Wellington, 6, 
Hon. Editor, Wellington, 5. 

‘ P' i-oK \ nows. —The year has been an exceptionally hea\y one as far as 
publications are conc(*rned. Volume 57 (the largest volume of Transactions 
yet published, ha\ing 1,133 T»ages of type and 80 pages of plates) was issued 
on the 10th Mai'ch, 1927. It was laid on the tables of the House of Repre- 
sentatives and of file Legislative Gouncil on the ir>th July, 1927. The fifth 
part of Dixon’s Bulletin on Ihe Bi.vology of New Zealand was hssued on the 
7tli July, 1927. The Referenc(* List of Scientific Periodicals compiled for 
the N(wv Zealand Institute by Mr (rilbert Arcliey, of Auckland Museum, was 
issued on the lOtb August. The 1st and 2nd part of the fjSth volume of the 
Transactions was issued on the 17th August, the 3rd part on the l.^th Nox^em- 
her, and. the 4tli pait is in the press and will be ready in February. In 
addition a four-page circular, adx^ertising the publications of the New- Zea- 
land Institute and tlu' Philosophical Institute of Canterbury was printed. 
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Two thousand fi\e hundred* copies of this circular are being dibtributed by 
our London Agents, and it is hoped will bo productive in increasing the sales 
of publications on liand. 

PrintuHf Malirrs. — Taking into consideration the fact that Volume HT 
was the initial volume for the new printers, Messrs. Ferguson and Osborn, 
Ltd., that it was considerably larger than any pievious volume, and that 
many papeis required special hand-setting, tin* publication ol tliis volume 
reflects very creditably indeed on tlie print(*rs. In one or two instances 
tlie plates produciul were not of a \ery high oidm, and this mattei was taken 
up'wdth Mr. Osborn who showed himself veiy ready to gf) thoroughly into 
the matter and to give entire satisfaction in every way, with the result that 
in the subsequent vidume little fault is to be found. 

In Volume r>7 the printcu’s had some ditliculty, owing to indistinct MSS. 
and they have stipulated that in futur(» all copy must be typewritten if 
leqniied 

A levised coni i act tor a leim of three yeais for the ])rinting of the: 
Tninsactious was ent(‘i(Hl into with Messrs. Ferguson and Osborn, Ltd. 

A pj'ogressn (' step has tins ytMi* been taken in tliat the TKinsachovs aie 
now issued quarlinly. The lion. Editor in his re])ort has pointed out the 
advantages of tins step, wdneh api)arently is nu'cting with genmal api)io\.il. 

The iince nf tlie (iiuirtm'lv jiai'ts lias been li\ed at 10'- each, the doulile 
pai t Volume ,kS. Paits 1 and - at ITi 

[uthoi's tV// / ( (7/oa.s — Befoi o then pa])er.-> w(*re accepted foi' ])ublical ion 
in Volume 7)1 autliors weie mforiie'd hv the Hon Editor that in fiitui’e the> 
w(‘i*e liable for all coirections ovei and above 2 pel cent. t>f lines A good 
(leal of ohiectioii has been raised hv some aulhois in legard to this charge, 
hut the Standing ('ominittet' at a meeliir; on tlu' 22mi 2ipril jiassed a reso- 
lution: “Thai any author who failed to i>a\ Lu Ins coireetMins will nol liave 
any furthei' jiapei* accepted by the Institute lo* iniblieatite: “ 

\(lrrrtis(‘nii uts .\ suge<‘sliou was mad(‘ that a])])ro\ed ad\ ei t iseinents 
might tH‘ accepted foi inseition on tlie siiare iiaees and inside covei* of th(‘ 
'rnnhs(i( linns An agent was seen i*‘gardiiig the niatnu*, }>ut owing tn the 
rmall New Zt'Uland circulation and limited scopi' ot the adv ertiseimnits it 
was not consi(ler(*d a pa.valile proposition. 

(jorrninu'nl Pnn1('i\ ('hann^ At last Annual Mirling a resolution 
v.as passed: “Tliat in view of the tact that tlie jirice charged by the* (lov- 
( riniient Printing Otlice foi limiting tlie Ti <in^<n t inns has Ix'im giinitb’ in 
eveess of that now charged b\ a ])ii\ate printing Orm, tin' Alinistei* be asked 
to look into the amoiint debited to tlie Institute h.v tin' (Io\ oriniient “ 'I'lns 
resolution and a cop.v of the detailed account loi* Volume ."T was sent to 
the Minister, who n'plied by pointing out that the wmrk (‘ould have betni 
done better and clieaper in the Government Printing Olhci', and he gavc 
an estimate as to what the volume would cost it piinti'd theie 

A compaiative analysis of this estimate and tlu' luices dunged tor 
previous volumes of Tiansurlmns was made out and torwaidi^d to the Min- 
ister in supjiort of the foregoing resolution, but no ie)dy has been »*ecei\ed. 

Levy . — At a meeting of the Standing Pommitti’e, iiold ( n the 22nd A]iril, 
it was resolved that the levy for incorporated societies lor Viduiiie 7u be 
'/- each voliinu*. The h'vy for Volume 58 has not yet been fixed. 

Contributions As tin' result of an appeal for assistance in publishing 
m the TransiK t ions jiapers of ollicers of their Depai Imeiits, the Scienlitic and 
Industrial Researdi T)e]iartiuent contributed K?A'), and the Gawihron Institute 
a 5. 


Reference List of J*eno(heals.~- On the 1st Maich it was resolved to ])ro- 
ceed with the printing of the Reference Tiist. The printing was done by 
Alessrs. Ferguson and Osborn, Ltd., and the list was issiu'd in August. 
Already it has proved useful to Librarians and research workers and mem- 
bers generally, and 124 copies have been sold. As The list was some time 
in the course of preparation, it was felt that il would he wise to bring it 
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up 1o (late and publish a supplementary list of additions and corrections to 
the publications already listed and also include some small departmental 
libraries which were not in the onj^inal list. A good deal of matter is 
already in hand and will be published at an early date. 

— Over i:r):> has been raised during the year by the sale of Transac- 
tions. The sale of Maori Art has fallen off, and very few Bulletins have been 
sold. It is hoped that the advertising circular distributed by Wheldon and 
Wosley will have a marked effect on this source of revenue. 

Partial Donations of partial sets of Transactions have been made 

to the Martinborough Public Library, the Teachei-s' Library, Wanganui, the 
Training (\)llege, Wellington, the School of Maori Arts, Rotorua, and tlr* 
Wellington Branch of the New Zealand Educational Institute. 

Exrhannc The following have been added to the Exchange List: — 

Musei di Zoologia e Anatomia rornparata della R. Universita di Geneva. 

Soci<'t(/ Entcunologique do Russie, L('ningrad. 

State XTniversity, Voronesh. 

Ichthyological Laboratoiy, Kerch. 

IJnivei-sity of Central Asia. 

Society of Naturalists, Kiev. 

Science Society of China. 

Lihnn ij - The Library is expanding rapidly— not only are new exchanges 
coining in, hut back number, s of sets ai*e being received from some of these 
and an endeavour is being made preparatory to binding to obtain missing 
numbeis in certain seidos. The Library is heng used a great deal more 
I ban foimerly, and the staff and certain students of Victoria College are 
finding it extremely useful in their work. 

The Reports of ttie British Association for tlio Advancement of Science 
have not been received since 1918 vyiien the Association ceased sending its 
Report on exchanges. It is very desirable that the New Zealand Institute 
idbrary should have a complete set of these Reports, and the gift from any 
members would be greatly appreciated. 

Jneorvo rated /(C.v.— The following reports and balance sheets have 

been received, and are now laid on the table 

Philosophical Institute of Canterbury year ending Hist October, 1927. 

Wellington Pliilosophical Society year ending .'list October, 1927. 

Otago Institute year ending 30th November, 1927. 

Auckland Institute year ending 8th February, 1927. 

Nelson Institute year ending 31st October, 1927. 

Hawke’s Bay Philosophical Institute year ending 31st December, 1927. 

The Hon. Treasurer ou the 17th August forwarded a report showing 
tlie position of incorpojatod societies at the end of last year. 

Lhd of Fmandul Yrai — At la,st Annual Meeting it was resolved that 
iiicoiporated societies sliould be asked to end their financial year on the 
31 St October. Tlie Philosophical Institute of Canterbury and the Nelson 
Iii.stitute already ended their year on that date. The Wellington Philosophi- 
cal Society agreed to do so, and the Otago Institute will fall in line with 
other societies. The Hawke’s Bay Philosophical Institute has not replied, 
and tlie Auckland Institute, as it receives the majoi* part of its revenue from 
the Auckland Citv Council has to make its year coincide with that of the 
Council which ends on the 31st March. 

JJatr of Annual Meetina.—U has been felt by many that January is a 
• most inconv^enient time to hold the Annual Meeting of the Board, and that 
an endeavour should be made to bring the Institute’s financial year into 
line with the Governmental year. At its meeting of the 1st December thp 
Standing Committee resolved to recommend to the Annual Meeting of the 
Board of Gov^ernors that future meetings be held In winter, and suggested 
Mav as a suitable time. 

Bector Award . — As the Hector Award Committee was unable to make 
its vrport to the last Annual Meeting, owing to the absence of one of its. 
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iiicmbei'S, the Standing Committee was authorised to niak** the Award. At 
a meetinj; of the Standing; Committee on the 22nd Api’d tin llecaor A\\aid 
Committee reported as follows:— 

“We are of the opinion that the Award should be made to Professor 
C. A. Cotton, of Victoria College, Wellington. Protessor Cotton has especially 
distinguished himself by his leseajciies on the Ceomorpliology <>f New Ze.i- 
land, and has added greatly to our knowledge of this subject. lie is endowed 
with the capacity of recording his researches in a lucid style, and has a 
lare ability for jllusnaLing his matter in diawings of great exactness and 
merit. We feel that Professor Cotton has done work that has giscn Newr 
Zealand a prominent idace in the branch of study to which he has mainly 
devoted himself.” 

The (\)niniittce’s Peport was unanimously adopted, and at a meLting of 
the Wellingtfm Philosophical Society on the 12th October at the Diamond 
Jubilee Celebrations the medal and Prize were piesonted to Professor Cotton 
by Mr. F. W. Fuidiert, Piesident of the Wellington Philosophical Society. 

h^rlloushiD Xrw Ztulunil Institute. — Mr. W. K. B. 01i^'er and Mr. II. D. 
skinner were on the 12th May gazetted as Fellows of the New^ ZtMland 
Institute. 

Ton mmiinations were received for the Fellow shii), and on tli#^ 2r)th 
July these were submitted to the Fellows lor selection. On the 2Tth Septem- 
her the Hon. Keturning Oilieer, Professoi Segar, reported the result ol the 
selection, and the four names wert^ submitted to niembei-s of the Board on 
ihe 7th October. The election for two Fellows will take place at the Annual 
Meeting of tlie Board. 

Fellowship Election — The method of election as proposed by Professor 
SoiUiiieiw ille was considered hy the Standing Committee and letened back 
to Piofessor Somnierville and Pitites.-jor Segar for repoit. 

National lUscnih Coiiiuil Tlit* (iU('stion of the formation of a Xatiuual 
Kesearch Council in i\'ew Zealand was discussed at lengtli at last Annual 
Meeting, and certain rt cojiimeudat ions which had been brought down by a 
sub-committee were appio^ed, and it was tmall> resoh^ed. “That a scheme 
tor a National Research Council be tentati\ely appr()\ed hy the New Zealand 
Institute and submitteii to the Council of Scicntitie ami Industrial Ke.search 
and that the ultimate adoption of the scheme be contingent on the pioMsion 
by the (Government of the necessary linancos for the functioning ot the 
Council and for alliliatioii with the International Re.scarch (kiuncil.” A copy 
of the recommendations and of the foregoing resolution were iorw^arded to 
The Secretary of the Scieiititic and Industrial Kesearch Deiiartment wiio 
leplied and asked that the President and Dr. Thomson should meet Pio- 
lessor Denham and Dr. Malcolm in regard to the subject. 

On the 21st February the follow^mg letter was received from Dr Mars- 
den addressed to the President 

“ Further to the conference betw’een Professors Denham and Malcolm 
and yourself. Dr, Thomson and the writer, I liave to iiilorm you that the 
Kesearch Council at its meeting on Thursday last considered the resolutions 
embodied in jour letter of the 7Ui inst. with regard to the establishment 
of a National Kesearch Council, and the following resolutions were passed: — 

“1. That this Council is of opinion that there is no immediate neces- 
sity for the establishment of a National Kesearch Council. 

“ 2. That in order to take advantage of the scientific advice of the New 
Zealand Institute, wherever a local committee of the Kesearch Council is 
established to supervise any investigations or researches, the local Philo- 
sophical Institute or New Zealand Institute be asked to nominate members 
i( that committee. 

“ With regard to the latter resolution, I have to point out, for example, 
that the Council would appreciate the advice hf your Institute on scientific 
questions at any time, and, in particular, it desires to thank you for iioink 
natlng members to the Committees of the Apia and Hector Observatories, 
find, further, has to ask that the Otago Institute be requested to nominate 
two members to the following committee: — 
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“ Com liii fife on Food Value and Vitamins. 

“Rpsolv^ed: That a committee on Food Value and Vitamins b<* set up 
to carry on the work at Otago Uni^el■sity on these subjects, and that £150 
be pi’ovided in the Estimates to co\er the Vitamin work, and that the Com- 
mittee report on the financial requirements in regaid to the former. That 
the Committee consist of Professor Majcolni, Professor Inglis, Mr. Bowman, 
and two nominees from the Otago Institute.*’ 

Iiilvrtitif Jif ( Jl (U)inu iL- On the 12th October, Dr. Marsden 

\M-(tto as follows- — 

“I shall be glad if you will place before your E\ecuti\e the question of 
adherence to the International Research Council. This question w-as raised 
lecently in connection with a desire that Dr. Thomson, Director of the Apia 
Ohservatoi y. Samoa, should attend the Prague Conference of the International 
<Ieodetic and Geophysical Union. The matter w-as considered by the Obsei- 
\atory Committee, on which your Institute is represented by four luembeis, 
and, in the meantime, arrangements liave been made by the Government for 
adhei-ence to the International Research Council and the Geodetic and Geo- 
physical Union, while the question of adherence to the Astronomical Union 
is also under consideration. 

“1 should he glad if you would place this matter before your E\ecutive 
for an expression of its opinion. 

“1 enclose, foi- \our information, cop.\ of cable which has been foi- 
v.avded to the High Commissioner for N<‘w Zealand: also copy of lettei- 
received from the Secretary for Lands and abstract from Minutes of the 
Apia Obs'M-vatory Committee Meeting*’ 

This letter was considered at a meeting of the Standing Committee on 
the 25tli October. Mr. W T. Neill, Sui \ eyor-General, who was piesent 
by invitation, ga\e some additional information in regard to the fees of 
adherence to the Council and to the various Unions attached thei-eto. It 
was lesolved that the President and Dr. Maishall interview' Dr. Maisden on 
the snbiect and report to next meeting. 

On the 1st December the President reported that Dr. Marsden slated 
that It wuis proposed to recognise the New Zealand Institute as tlie National 
Research Council for New Zealand and the Cb)v eminent w’onld pa> the 
necessary foo.s to the International Research Council throngli the New' Zea- 
land Institute, on the 3r(l December, Dr. Marsden w-rote to the Institute to 
this effect, 

(,}(inl \oU- The research grant money.s ai-e now receiv'ed 
till (‘Ugh the Department of Scientific and Industrial Research and aiiplica- 
tions i(»r grants require to have the approval of the Council of that Depai l- 
iiK'ut and not of the Hon. Minister of Internal Affairs as formerly. 

A vote for research W'as placed at the disposal of the New' Zealand 
Institute and applications were called for on the 27th May to be in by tlm 
oOtli September. Nine applications for a total of £898 were recei\'f‘d. Eight 
I'liplications for a total of £813 were recommended by the Research Grant.-v 
Committee and approved by the Standing Committee. The Council for 
Scientific and Industrial Research has not yet dealt with these publications. 

Toinnmu) Aaiional Pink: Xvimdmcni Aii. — In accordance w'ith a long 
standing request of the New Zealand Institute the Tongariro National Park 
Amendment Act includes a clause which now makes it possible for the Insti- 
tute to elect its rejiresentative on the Park Board instead of its being repre- 
sented bv the tJio President cj* officio, 

Ohiikinir Track.- At a meeting of the Standing Committee on the 17th 
August the President reported that there was a proposal to widen the 
Oliakime Track, and that a sub-committee had recently visited the track to 
view' the site. After some discussion the follow'ing resolution was passed: — 
“ That the New Zealand Institute opposes any suggestion for widening the 
track from Ohakune to the Ohakune Hut, but suggests tliat the track from 
Ohakune Junction througli the podocarp forest be improved without sacrific- 
ing an> of the timber trees. The matter was brought up at the last meeting 
of the Tongariro National Park Board and deferred. 
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National Parks . — letter was received from tlio Auckland Branch of 
the New Zealand Tourist League with reference to the conservation of 
National Parks. It was agreed to co-operate, and the Ihesident and the Hon. 
G, M. Thomson were appointed a committee to enquire further and to watcii 
developments on behalf of the Institute. 

Arthurs J*ass . — The Annual Meeting last year authorised tiie Standing 
Committee to enquire regarding the practice of selling flowers in the National 
Reserve at Arthur’s Pass. A resolution was forwarded to the Tourist and 
Lands Depaitinent, and the latter wrote stating that the Scenery Preserva- 
tion Board had recommended that the land witli the bush on it at Arthur's 
Pass be made a scenic reserve, and the necessary steps were being taken to 
carry out the recommendation. 

Wliilchait Fihlu'i y.—ThQ Philosophical Institute of Canterbury wiote 
asking tliat the Institute endorse a resolution urging the Government to 
establish some form of coiiti’ol of the Whitebait Fishery, it was resolved: 
‘‘That the New Zealand Institute represent to the Department of Scientific 
and Industiial Research and to the Fisheries Department the urgent need 
for close and continued research into the hfe-history of the whitebait in 
New Zealand and matters ccainected with the Whitebait industry and the 
taking of wliitebait, and that it offers its services to assist m carrying out 
the work involved.” 

These Departments replied stating tliat the matter would receive con- 
bidei at ion. 

cun('u,s — The mutter was referred by last Annual JMeetiug to 
the Standing Committee with power to act On the 2iln(l the matter 

w'us discusseil, and it was resoh'eil that the tollowang lesolution, passed by 
a Conleience of Museum Reinesentative.s is not feasible. — “That it is 
desirable that no Natural History Specimen should be exported from New' 
Zealand tor examination by scientists in olliei eoimtrie.s except under the 
condition that the type specimens oi an> new siiecies be returned” 

It was further resolved to agree to the following resolution passed at 
the same Conference: “That the Maori Antiquities Act siiould be amended 
to provitle that Type Specimens of animals, plants, and fossils should not 
be exported from the country except on loan “ 

Xcirncr Coikjicss. — At last Annual Meeting it was resolved that the next 
Scituice Congress should be held in Auckland in Januar>, 1929. The Sec- 
ret a r.v of the Auckland Institute w'rote stating that the Auckland Institute 
would undertake all arrangements for the Congres.s. 'i’lie offer was grate- 
fully accepted. 

\ nstralafiian Association for the Advaiiccun iit of N’cn’/icc.— Professor 
Kirk and Dr. H. G. Denham, of Canterbury, were appointed to represent the 
Institute at the Hobart Meeting of the A.A.A.S. on the 19th January, 1928. 

(Pan) Pacific kscicncc Poiufrcss . — The Fourth Meeting of the (Pan) 
Pacific Science Congress is to be held at Java in May -June, 1929, and the 
“First Aimoimcemeiit” has been received. Copies are available on applica- 
tion. 


Pcjchnitwns.—Duvins the year the Auckland Institute and the Welling- 
ton Philosophical Society celebrated Diamond Jubilees and successful func- 
tions were held. Invitations were also received from the American Philo- 
sophical Society to the 200th Anniversary of its foundation, and from the 
University of Toronto to its centenary celebration. Mr. H. I). Skinner, who 
was then in America, was asked if possible to represent the Institute at 
these gatherings, but he was unable to do so. 

Carter Beqvesi . — With a view to carrying out a resfilution passed at last 
Annual Meeting It was decided to ascertain from the New Zealand Astro- 
nomical Society whether, in the event of the Institute's being legally able 
to proceed in the direction proposed in the resolution, it w^ould be willing 
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to provide for the upkeep and work of the Observatory. No reply has yet 
been received. 

J)r, HilVs Vuit.—Ai a meeting of the Standing Committee on the 1st 
December the President reported that Dr. Hill, Director of the Kew Gardens 
was to visit New Zealand in January. It was resolved that the President 
should ascerfain the conditions under which Dr. Hill is visiting New Zealand 
and take action on behalf of the Institute. 

Standing Commiliic R(pori. — The foregoing report was consid- 
ered clause by clause. In the i)aragra])h relating to Societies^ celc- 
])rations it Avas agre(‘d to insert the words Auckland Institute’^ 
before “Wellington ThilosophicaJ Society.” 

The report as amended was adoi)ted. 

BUSINESS ARISING FROM REPORT OF STANDING 
(COMMITTEE. 

1. (iov(rnm(ni Prinhr'.s f7n//7/c.s*.--The lion. Treasurer referred 
to the (*orrespoiulen(*c Avliich had been exchanged betwetni the lion. 
Minister oi‘ the Printing Office and the Netv Zealand Institute, and 
reported that no further action could be taken. — Received. 

2. LfVii on Yolinne the motion of Mr. Hudson seconded 

]>y Professor Park it Ava^ resolATd that tlie l(‘vy b(' 3/- per volume as 
previously. 

3. Ucfo'cna TjUI of P( riodUols.— On the motion of the lion, (J. 
M. Thomson seconded by Professor Eastorfiedd it Avas resohed that a 
h(\*irty vot(' of thanks be coiiA'cyed to Mr. Archey for his Avork in 
connection witli tin* (‘(mi])iling of the Reference List of Scientific 
Periodicals. 

4. Manaivatu Philosophical Society. — Mr. Eliott re])orted that th(‘ 
Manawatu Philosophical Society Avould shortly be reorganized and at 
pr(*s(‘nt an ('iidcavour Avas ])eing made to find a suitable secretary. 

HONORARY TRFASURER’S REPORT FOR THE YEAR ENDING 
31st DECEMBER, 1927. 

The Balauce riheet for the year ending 31st December, 1927, shows a 
Debit Balance of £608/0/7, as compared with a Debit Balance of £163/19/- for 
the same period in 1926. 

The cost of Volume 57 wfis considerably greater than anticipated owing 
to its size (1220 pages), and to the very large number of corrections in 
author's proofs, extra for special setting, process and line blocks, etc. The 
contract price was £1,016/13/4, but the aboverinentioned extras brought the 
total cost up to £1,365/11/-. IIoAvever, even this amount was £245 below the 
Government Printer’s account for Volume 56 (860 pages), but at 

the same time the cost of Volume 58 and succeeding Volumes is 
of urgency and importance. The Standing Committee should take 
the necessary steps to limit the size to reasonable dimensions, and 
prevent a recurrence of unnecessary extras, pailLcularly the cost of author's 
corrections. If wc are to carry out our undertaking to pay off the balance 
due to the Government Printer, £1,237/18/6, then the cost of the Tranmc- 
tions should not exceed £850 per annum. It can be done for this, and the 
responsibility is with the Standing Committee to act accordingly. 

The Trust Accounts continue to show a satisfactory condition. The 
Carter Bequest Capital has increased by £402 during the year. Five per 
cent. Post Ofhee Insciihed Stock for £400 purchased in 1922 for £388/8/4 
matured in November last, and has been reinvested in 51 per cent. Post 
Office Inscribed Stock maturing in 1933,. together with a further £200 avail- 
able in the Carter Bequest. 
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The proposal to alter the date of the Annual Meeting is a good one. 
The present time of closing the books and accounts for the year, viz., 31st 
December, is a mosi awkward one for the Secretary, Auditor and Hon. 
Treasurer. The 31st March, which would coincide with the Government 
year, would be a much more convenient date. 

The Books and Accounts have, as usual, been accurately kept by the 
Assistant Secretary. 

(Signed) M. A. Eniorr, 

Hon. Treasurer. 

New Institute. — S'l vjujviL.sr of Keceipis and Expenditi t;i: for the 

Yevr ExNDing 31st Dlcemijek, 1927. 


Jii'CClptS, 



£ 

s. 

d. 

Balance as at 31st Decenibei, 1926 

2,112 

4 

10 

Statutory Grant 

1,500 

0 

0 

Levy Volume 67 

221 

10 

0 

Autliors* Reprints 

19 

17 

2 

Publications Sold 

59 

4 

6 

Iteference Lists Sold 

17 

16 

8 

Authors' CoiTections i)aid 

3 1 

13 

4 

(vontrihutions to Publication Expenso.’^ 

52 

0 

0 

Wellington Phil. Soc., Half Share Caitej* lieq Legal Expenses 

19 

8 

6 

Interest. Post Office Savings Bank 

52 

18 

3 

Reseaich Grants troin Trcasuiy 

7u; 

13 

6 

(’’arter Bequest — Int tn est 

382 

5 

0 

Hector Memorial Fund — fnteiest 

68 

10 

0 

Hutton Memorial Fund Intel est 

69 

0 

0 

Carter Library Legacy -Interest 

8 

0 

0 

Endowment Fund -Interest 

20 

10 

0 

Carter Bequest, I'O.S.B. A/c Transfer to B.N.Z. 

65 

1 

*> 

Hector Memorial Fund, P O.S.B. A/c Transfer to B.XZ. 

10 

15 

0 


<:5,460 

7 

11 

J \) prudil III r. 

£ 

s. 

d. 

Ferguson and O.sborn, Ltd. 

1,666 

17 

6 

(Tovernment Printer 

^00 

0 

0 

Whitcombo and Tombs, Ltd. 

o 

o 

10 

6 

Salary 

300 

0 

(' 

Travelling Expenses 

51 

1 

4 

Charges (Insurance, Bank Com., etc.) 

8 

7 

2 

Petty Cash (Postages, etc.) 

14 

10 

5 

Research Grant Instalments 

634 

15 


Bell, Gully, Macaenzie and O’Lcarv — CaCer Beq- Legal K\s. 

38 

17 

0 

Hector Award (Dr. (Cotton) 

45 

0 

0 

Hutton Kesearcli Grant Instalment 

10 

0 

0 

Carter Bequest — Interest Invested 

401 

16 

2 

Trust Funds Transferred to Accounts 

139 

11 

8 

Balance as under 

1.746 

0 

7 


.i:5,460 7 n 



£ s. d. £ s. 

d. 

Balance in Bank of New Zealand 

1,123 1 3 


Less Unpresented Cheques 

564 9 8 

55g 31 

7 

Balance in Post Office Savings Bank 

1,173 18 

11 

Petty Cash in Hand 

13 10 

1 


£1,746 0 

7 
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Ni \v Zi \i \NH 11 Til M Mr fou Vi vu Em) 1 .\(. 

31st I)i:<’rMUEii, 1927. 


r.xiH nditior. 


Balance* at Jst Jciiiiiai\, 1927 
I’rintinf;, etc. 

Salary 

Travelliiii^ Il\i)en‘'C!- 
Posta^icK, etc. 

Insuiaiico 

Wreath 

Bank ('’hai'^.’cs 

Suiidrici) ((’aUaa\ Irei^^lit) 
Accounts Written Off: — 
Authoi’s Coi j’ectioiis 
Ht'print s 


£ s. d. 
163 19 0 

2.006 7 6 
300 0 0 

7)1 1 4 

14 10 5 

3 12 11 
2 2 0 
1 10 0 
1 2 3 

17 10 11 
0 IS 2 


lnvn)U(\ 

Government Giant 
Contributions 

Levy and Sales of Publications 
Balance, 31st December, 1927 


22,7)62 14 6 


Z s. (1. 
1,7)00 0 (I 

7)2 0 0 

402 13 11 
60S 0 7 


To Balance 


£608 0 
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Ni.w Z».M vM» I^^lI 11 ]i . - Sr\'jrMLM ok Assins \.\i) Li vijtijtii s vs ai 
31st Dl(imi*,ir. 1927. 


Liahilitira. 



£ 

s. 

d. 

Carter Request Caiiital Arcounl 

6,8I)C 

8 

8 

Hector Memorial Capital Account 

1,184 

IS 

1 

Hutton Memorial Fund Capital Account 

1,114 

5 

10 

Kndowmeiit Fund Caintal Account 

307 

17 

0 

Hamilton Mcmoiial Fund Capital Account 

48 

7 

11 

Carter Lej^acy Ca]>ital Account 

100 

0 

0 

Carter lleipiert Jlevenue Account 

IS 


o 

Hector Memorial Fund Revenue Accmint 

44 

IS 

7 

Hutton Memorial Fund Revenue Account 

67 

1 

5 

Endowment Fund Revenue Account 

130 

IS 

11 

Hamilton Memoiial Fund Rev^enue Account 

6 

13 

0 

Caller Libraiw Legacy Revenue Fund 

17 

6 

11 

Feri^uson and Osborn, Ltd. 

243 

10 

t) 

Cov eminent Printer 

1,237 

IS 

6 

Library Fund 

176 

10 

t 

Research Grants 

667 

5 

(1 


i:i2,271 

13 

10 

Assctfi 





s d. c 

s. 

d. 

Inscribed Stock 

7,r,6S 

o 

11 

Post Oliice Inscribed Stock 

2,03r> 

6 

8 

Cash in Rank N Z 

1,123 1 3 



Less Uiipresent<*cl Cheques 

r)6i 0 s 




558 

11 

7 

Cash in P.O.S.R. 

1,173 

IS 

11 

Petty Cash in Hand 

13 

10 

1 

Outstanding Accounts 

111 

11 

4 

Carter Request P.O S.R. Account 

18 

3 

2 

Hector Memorial Fund P.O.S.R. Account 

41 

18 

7 

Hutton Mmiiorial Fund P.O.S.R. Account 

67 

1 

5 

Hamilton Memorial k’niul P.O.S.R. Account 

.’>5 

1 

8 

Carter Legacy P.O S R. Account 

17 

6 

11 

Balance of Liabilities over Assets 

60S 

0 

t 


n2,271 

13 

10 

To Balance 

£608 

0 

7 
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Procc( dings. 


Ni:w Zr,ALA.\i) Iastj ii tk.~Thi sr A((()im\s. 

Ciutrr Bequest Revenue Aecount for the Year Endnuj .Ust Rceemhei, 


Dr. 

£ 

R 

d. 

Cr. 

£ 

s. 

d. 

Interest re-invested 

401 

16 

o 

To Balance 31/1/26 

56 

1 

11 

Legal Exs., Bell, Gully, 




Interest 

383 

5 

11 

Mackenzie &. O'Leary 

38 

17 

0 

1 Half Share from Well- 




Balance 

18 

3 

2 , 

1 ington Phil. Soc. 

19 

8 

6 


£458 

16 

4 

i 

£458 

16 

4 





iCn Balance* 

£18 

o 

2 


Ilexior Memorial Fund Revenue Account tor the Year End niff 
31st December, tiki! 


To (Dr. (.^ottoil) 

iiiil'UKT 


4") 0 0 By Balance 
44 18 7 Interest 

£89 18 7 i 


By BalaiKt 


£ s. (1. 
20 10 4 
G9 S 3 

£89 18 7 

Cll IS 7 


Hutton Memorial Fund llcrenue Aecount for the Year Endina 
31st December, 1921. 


To Part (li.int (Miss Me&- 
tayer) 

Balance 


C s d. 

10 0 0 
67 3 f) 

177 1 5 


'y Balance 
Interest 


By Balance 


£ s. cl. 
6 12 9 

70 8 S 


£77 1 5 

£67 1 7) 


JIamillon Mfmorial Fund Rercfiuc Aecount for the ijear Emlinff 
31st December, 1927. 


By Balance 
Interest 


By Balance 


£ s. d. 
4 11 7 

2 2 2 

£6 33 9 

£6 13 9 


Cartel Libiaru Legacif Rcixmic Account for the Year End niff 
31st Decembei , 1927. 

Dr. Cr. 


By Balance 
Interest 


By Balance 


£ s. d. 
9 3 6 
8 3 5 

£17 6 11 

£17 6 11 


Examined and found Correct. 

G. F. C. CAMPBELL, 

Controller and AuditoivQeneral. 
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Fhuincial Staiemenls . — The lion. Treasurer moved the adoption 
of his slightly amended report and the Statements of Receipts and 
Expenditure, Revenue Account, Liabilities and Assets, and Trust 
Accounts. Seconded by Professor Park and carried. 

REPORT OF THE PUBLICATION COMMITTEE. 

The Committee is in the happy position of being able to rei>()rt not only 
the issue of Volume 57, which was issued on 10th March. 1927, but also the 
issue of the first three quarterly numbers of Volume 58, Parts 1 and 2 as 
a double number on 15th August, 1927, and Part 2 on 15th November, 1927. 
Part 4 (December) will be out in February. 

For Volume 57 sixty papers by forty authors were submitted, of which 
lorty-seven papers by thirty-five authors were published. Owing to two or 
three exceptionally long papers, this volume turned out the biggest yet 
issued by the Institute, consisting of 10 plus 1,128 pages, of which 143 were 
Proceedings and Appendix, and Minutes and Proceedings of the Third Science 
Congress of the New Zealand Institute (15 pages), with eighty idates and 
the usual proportion of line drawings. 

In Volume 58, sixty papers by forty-five authors were submitted, of 
wiiicli fifty -one papers by thirty-seA'en authors have been, or are being, pub- 
lished. Parts 1 and 2 (March and June) contain 4 plus 188 pages, of which 
thirty-four are the Minutes of the Annual Meeting of 27tli January, 1927. 
It also contains the Piesidential Address of Mr. B. C. Aston for the year, 
seventeen papers bv fifteen authors, two re\i('ws and an obituary notice, 
and includes twenty plates Part 8 (Septembei*) contains 4 plus 169 pages, 
the whole of winch ai’e eighteen papers by foiiiteen aiithois, with seventeen 
plates and an extra pr{)i)ortion of line drawings. Details for part 4 (Decem- 
ber) cannot be gi\(‘n. as it is still in the printer's hands, but it will not 
contain more than 2.50 pages, and will include probably eleven papers by 
leu antbovs. besides the Appendix and Index. 

An attempt has been mad<' to include reviews: Mr. Aston has leviewed 
work on the (Correlation of Iron Staivation in Ruminants witli the Pliysical 
Features ot the Coiintiy, and Mr. Millar has rev iew^ed Dr. H. J Tilhvard's 
hook, “The Insects of Australia and New Zealand" It is felt that the 
Institute should take some notice of important books or work in this way. 

Attention may be drawm to tw'o important facts. Firstly, there w'as not 
a papei- op hand when the December iiumher of the Ti (insdcftotis w’ent to 
press, evxu’ything w'as so up-to-date that papeis read less than two months 
before are included in that number This means, too, that in future contri- 
butors mav see their papers in print at any rate within three months of 
their being read, most probably within two months. This is paiib due to 
the promptness of the printer, and the reliability that can he jilaced on his 
promise to have a part out by a certain date. Secondly, the financial posi- 
tion of the Institute as regards the Transaction}: will in future he in a iii^*sl 
satisfactory state; the constable will not be overrun as he lias been, unavoid- 
ably under the conditions, in the ])ast. This again is largely due to the 
reasonable charges of the printer. We w’Oiild take this oiiportunity of stress- 
ing the fact that th(‘ printer has striven his utmost, at times at financial 
loss to himself, to turn out work in as creditable a manner as possible. It 
must be I’eniembered that the first volume he undertook, Volume 57, was 
the largest the Institute has had, and the work was of a technical nature 
of a kind this printer was not accustomed to, whereas the former printer 
had had vears' of experience in it; and as we who deal with our present 
printer know the trouble he takes to turn out our work as we wish it, we 
trust the consideration shown for us by him may be shown by the Institute 
for him. 

During the year was issued Part 4 of Dixon's Bryology of New' Zealand; 
this leaves a final part to complete this Bulletin, and Mr. Dixon has written 
to say this part is in hand. The Reference List of Periodicals prepared by 
Mr. Gilbert Archey, was also printed, the proofs being read by Miss Wood, 
Assistant Secretary. A four-page advertisement of publications on sale by 
the Institute was also printed and the bulk sent to Messrs. Wheldon and 
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Wesley. Ltd., who undertook to distribute it. with their own circulars, among 
their customers. The printing of these three items was also done by the 
printers of the Tmnsartfons, Messrs. Ferguson and Osborn, Ltd. 

(Signed) Johan C. Andkrskn, 

For the Publications Committee. 

Puhlication Pomniifla's lUport. — Mr. Hill suggested that mem- 
bc'i’s who wished to reecive the Tramactions in a single voluiiic instead 
oi in four parts be i)rovided for. On the motion of tlie Pi*esident this 
was referred to the Standing ("ommittec. Tlie report was adopted. 

KEPORT OF THE GREAT BARRIER REEF COMMITTEE. 

Fi^e meetings of the Committee were held during the past year. 

A British Barrier Reef Committee has been formed in England to co- 
operate with the Australian ('ommittee. 

Hniusli Expedition. — The Australian Committee agreed to find as its 
maximum obligation £1,000 to aid the e-xpedition, which is to be postponed 
until 1028 in favour of a laigei* scheme. The expedition will examine a 
.section of tlie Great Bairier Reef off Cairns from the shore to the open 
(icean. The party will work lor twelve continuous months. The main 

problems to be investigated include the physiology of the coral polyps, method 
of calcium deposition, distribution of plankton, and properties of sea water. 

FJV\\(I\L Sl VTIiMUNT VT IST SePTIAUU R, P)27. 

£ s. d. 

Gi’oss Receipts 5,692 9 2 

Expenditure 4,621 17 4 

Balance in Hand £1,060 11 10 

(Signed) W. R. B. Oliveu, 

N Z. Institute Representative on the Committee. 

Oil the motion of the President the above report was adopted. 

REPORT OF THE INSTITUTE’S REPRESENTATIVE ON THE 
TONG VRIRO NATIONAL PARK BOARD. 

1 have to repoi’t I hat during the past year one meeting of the full Board 
was hold at Wellington on 17th June, and three meetings of the Central 
Executhe Committee consisting of the Wellington members w^cre held on 
January 12th, May 12th, and December 8th, all of which were attended by 
mo. The Chairman and Secretary make it a point to consult members before 
lixing a date for any nieeiing, a fair and busineas-like proceeding which 
ensures a maximum attendance. It might well bo copied by some other 
Institutions. 

Hen/// Cl . -The committee appointed to report on the imported heather 
quesUon lias begun work, and although at first handicapped by the absence 
in England of Mr. E. Phillips Turner, has presented a preliminary report. 
The Annual Report of the Board, which was presented to Parliament and 
which is before you, states that, “Much of the criticism which has been 
“levelled in this connection is based on an imperfect knowledge of the true 
“ position, and can serve no other purpose than to convey a false impression 
“that the whole area of the Park is a blazing mass of heather, choking out 
“all native life. This, as will be seen by the report of the sub-committee, 

“ is contrary to fact.” 

1 am not aware that any responsible person has made statements that 
could tend to convey such an impression, but what is earnestly sought by 
all interested in preserving the Park in its present condition is, that the 
Whole area or any part of the Park shall not become “ a blazing mass of 
heather,” or that any great portion of the flora may be choked out. If 
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action should bo delayed until such a state of affairs is loachod, it will 
then be too late to apply an effective remedy, and the Tongariro National 
Park will cease to be representative of New Zealand. No conclusions were 
drawn by the Heather Committee in framing tlio lepoi t, and cannot justly 
be drawn by others. 

Hodd Making. — A much more serious menace than the choking of the 
native vegetation by heather is the proposal to sacrifice a two chain width 
of forest at Ohakune as a preliminary to the construction of a motor road 
from Ohakune up the Mountain. It was suggested that the sale of timber 
Irom such a strip would aid in making tlie road. Such a width of road 
would necessitate iierpetiial \igilance to keep tlie second growth do\^n, and 
if not kept clear the \iew of the forest would be obscured. A committee 
of the Board visited the site in winter, and found the track knee deep in 
mud in places, which is good argument for improving the track, but not for 
making a road. Tlie Annual Report of the Board states that £161/12/- was 
expended on the Ohakune Track. The work consisted in stiaightening and 
shortening the route. This entailed much cutting, clearing and formation, 
and the erection of several small bridges, and laying down 30 chains of 
corduroying. 

The Institute’s Standing Committee iiassed the following resolution- — 
“ That the New Zealand Insfitiite opposes any suggestion for widening the 
track from Ohakune to the Ohakune Hut, but suggests that the track from 
Oliakuiie Junction through the Pndocarp forest be improved w-ithout sacri- 
ficing any of the timber trees.” 

I am of t)])inion tliat this Institute should pass a very strong resolution 
with the Mew of awakening public opinion to demand that no more timber 
trees may be sacrificed than is absolutely necessary in making tracks, and 
1 consider that no timber tiees should be felled unless certified to as neces- 
sary by n competent eonimiTteo which should be appointed. The wiiole 
matter of the proposed road has iieen refei red to a meeting of the full Board 
to be held at the Park early in the New Year. 

It is satisfactory to leport that matters are satisfactorily advancing 
towards the erection of an adequate Ho.stel for the accommodation of visitors 
to the Park, and tliat the Bruce ’frustees, with characteristic generosity, have 
made a donation of 1500 towards the erection, which will carry a Goveni- 
iiient subsidy of a like amount. 

(Signed) B. C. Asion 

Oil tlip mol ion of tli(‘ l^i*(‘si(lent tlu' aliovp ivjioi-t was adopted. 

Uepvf senUtiive on Pari: Board,— On tlu' motion of Professor Park 
seconded liv Professor Worley it tvas resolved that 'Sir. B i\ Aston 
be el('e1(Hl as rcim'simtative of tlie Tnstitnte on the Park Board. 

REPORT OF THE INSTITFTE’S REPRESENTATIVE ON THE 
NEW ZEALAND INSTITUTE OF HORTICULTURE. 

This Institute is continuing the -work mentioned in my last report. The 
I)assage of an Act of Parliament last Session giving among other things to 
the Institute power to grant diplomas should strengthen its p(»sitinn as the 
New Zealand autliority on Horticultural matters. 

All interesting Bulletin, of which Mr. Gilbert Archey is the Editor, is 
imblished dealing with horticultural matters. 

T brought the matter of Dr. A. W. Ilill's projected visit to New Zealand 
before the Committee at the July meeting. The matter was at once taken 
up enthusiastically, and suitable receiitioiis have been airanged. II is to 
be honed that Dr. Hill, as a representative of the British Man of Science, 
wdll have time to meet members of the Board of the New Zealand Institute 
at the Annual Meeting. 

Meetings of the Sub-committee to consider the establishment of a 
National Botanical Garden were attended by me and a report prepared. It 
is to he hoped that details of the progress made with the Wilton’s Bush 
scheme will show that efforts are being made to carry out the high ideals 
expressed at the opening last year. 
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The freaii^'ncy of the meetings of the Horticultural Institute renders 
it imnossible to attend all of them; a proposal to hold some of the meetings 
in the evening may do mucli to allow those who are busy at their own work 
in the day time to attend. 

The “Banks Lecture" has now become an annual feature of the Horti- 
cultural Institute, the subject of the last one most appropriately being “On 
the Fertility of the Soil," by Mr. L. J. Wild, of Feilding. 

In addition to the subjects mentioned in my last report this Institute 
has taken up the following: — 

(1) Awarding Cups for competition in Horticulture. 

(2) Plant Registration. 

(3) Judging Rules at Shows. 

(4) Judges’ Register. 

(5) Popular Lectures in connection with the W.E.A. 

(6) Native Plant Preservation. 

The Institute has now two paid otiicers, a Dominion Organiser and a 
Dominion Secretary. 

Attempts to secure grants from the Department of Scientific and Indus- 
trial Reseai'ch m Horticulture are being made. 

(Signed) B. C. Aston. 

Tlio above r(‘]K)rt, on the motion of the Presidont, was a'loptod. 

HONORARY LIBRARIAN’S RKPORT. 

Nothing of importance has to be reported regarding the Lihraiy A 
few new evchang<*s have been enteied into, and a careful watch is kept 
upon the regularity of the Journals received. 

It is satisfactory to note the publication ot the Institute’s Reference 
List of Scientific Periodicals, compiled by Mi Auhey. This will do much 
to increase the accessibility and usefulness of the Library. 

The binding of periodicals has been proceeding, but much yet remain.^ 
to he done, ancl there are still, unfortunately, many sets wiiich -will have 
to be completed by the filling up of gaps. 

(Signed) D. M. Y. SoMMrmnLr 

Tlu' above report was adopted. 

REPORT OF THE RESEARCH GRANT COMMITTEE. 

Ton applications for research grants were made during the year. The 
Committee ivcoinmended grants in eight cases, to the total amount of £813, 
in one case it suggested that the proposed research might appropriately be 
carried out by the Public Works Department, and, in the remaining case, 
the Committee was unable to make a recommendation. 

Reports or interim reports have been received from most of those hold- 
ing grants and abstracts of those, kindly prepared by the Assistant Sec- 
retary, are appended. In a few cases no report has been sent in. 

The loports and abstiiicts were received on January 12th and 13tli. 
Ov/ing to the short iime available, and to the absence from Christchurcii 
of the maiority of the Committee, it has not been possible to discuss fully 
ah the points raised, and to present a detailed report on the accounts given 
of the researches conducted. Some general questions arise, and the follow- 
ing matters, in particiilai, are submitted for review by the Incoming com- 
miTtee: — 

1. Detailed vouchers of the expenditure are supplied only in a few cases. 

2. Certain grantees have suggested that the unexpended balance of their 
grants should be transferred to other purposes or persons, or have made 
recommendations as to the custody of apparatus purchased. 

3. The question of cancelling grants where no work has been done 
within a reasonable time. 

• (Signed) Cit.\s. Ciih^ton. 

Chairman Research Grants Committee. 
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RESEARCH GRANTS REPORT FOR THE YEAR ENDING , 

31st DECEMBER, 1927. 

Dr. C. E. Adams was, in 1925, granted £200 fOr research on Southern 
Stars. He reports, tliat through the assistance of the Public Works Depart- 
ment, he has been supplied with a design of an interferometer to be fitted to 
the 9-inch City Teleseoi)c at Kelburii. The Public Works Department has gone 
into the matter very carefully, and advises that the work be placed in the 
hands of an English firm, such as Cooke, Troughton and Simms. The Mt. 
Wilson Observatory has supplied the four plane mirrors for use on the inter- 
ferometer. No portion of the grant has yet been expended, and Dr. Adams 
asks that he may obtain (piotations for the construction of the interfero- 
meter. 

Dr. H. H. Allan ^^as, in 1924, granted £50 for research on Mt. Egmont 
forests. He reports iliat it has not been possible to conduct any further 
field work since his last reiiort. The research will be completed in May, 
1928. Advantage was taken of the presence of Dr. G. E. du Rietz, of 
Uppsala Uni\ersity, to discuss \arious problems, especially those connected 
with the significance of the lichen flora and vegetation and a representative 
set of lichens was determined by Dr. du Rietz. Mr. Dixon, of Northampton, 
has also assisted vitli tlie treatment of mosses. No expenditure has been 
incuiTed during the yeai', and grantee has a balance in hand of £23/0/10. 

Dr. H. H. Allan was, in 1923, granted £30 for research on cocksfoot and 
jyegrass. He leports tliat, owing to flooding of the area devoted to rye- 
grass. much of the work has to be lepeated. Investigations have been con- 
tinued on the phenomena of germination and life-histories of the species. 
Several selections of promising individual plants have been made, and these 
have been multiidied by clonal divisons. Comparisons of strains of different 
origins have been continued, and it has been determined that New Zealand 
giown mateiial affords the best means ot fuithering the objects of research. 
Advantag<' was taken ot the visit of Mr G Stapledon, of the Aberystwyth 
Plant Breeding Station to discuss the problems arising, and methods of 
investigation foi dealing with them. No expenditure was incurred and 
g!*antee has in hand t:20/lG/G. 

Mr. G. Archey was, in 1925, granted £40 for research on Chilopoda. He 
leports that general collecting of all oiders of Chilopoda has been carried 
out in the Auckland distiict, and a small imrtion of the grant expended on 
this. A detailed study ot the Geophilomorpha has been practically com- 
pleted and a revision ot tlie New Zealand species of the order can be pre^- 
sented as soon as certain specimens sent to Europe and the United States 
for comparison witli types have been returned. Expenditure to date has 
been £32/18/11. 

Professor W. N. Benson was, in 1925, granted £50 for preparing rock- 
sections of Dunedin i*ogion. He reports that the work of the detailed map- 
ping and petrological examination of the volcanic rocks of the Dunedin dis- 
trict has been continued by bun and his students. One of the latter has 
made a detailed map of Waitati Valley, finding therein a series of com- 
plexly faulted lavas. Fuither work will be continued during the coming 
vacation. Expenditure to date is £22/15/-. 

Dr. C. Chilton was, in 1925, granted £100 for research in food-supply 
of New^ Zealand Fishes. He reports that further progress has been made 
by his assistant, Mr. E. W. Bennett, in the collection and study of Entomos- 
traca. One paper has been written, and several others are in course of 
preparation. Some collection of fresh and brackish water Entomostraca 
have been made, and some of these have been sent to Dr. V. Brehm, of 
Bohemia, for examination and identification. He has discovered among them 
a number of new species of Ostrocodu and Copepoda. Reports on the first 
part of his researches are expected soon for publication in the Transactions 
of the New Zealand Institute. Dr. Brehm has also sent collections of Cyclo- 
pidae and Hydracarina from the same material to other scientists in Europe. 
The total expenditure to date is £55/0/3, and, as Dr. Chilton and M’*. Ben- 
nett are leaving Christchurch for Nelson, he sees little prospect of continu- 
ing the research, and he refunds a balance of £4/19/9. 

B 
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Mr. W. C. Davies was. in 1921, granted £50 for research on soil bacteria 
and protozoa. He reports that the investigations of the previous year con- 
cerning the correlation of bacterial counts with the relative fertility of 
Nelson soils liave been continued as far as the exigencies of other work 
have permitted. Se\eral fresh soils, including those, of the Nelson Haven 
and Mud Flats, and the Pakihi lands of the West Coast, are still under con- 
sideration and publication of the results is being delayed to permit the 
inclusion of these in the series. The whole of the grant has been expended. 

Mr. H. G. Denhana was. in 1925. granted £115 for research on Low 
Temperature Carbonisation of New Zealand Bro^n Coals. He sent a table 
of the results of the analyses of the coals obtained to date by his assistant. 
The methods adopted are outlined in a publication of the English Fuel 
Research Board, “ Physical and Chemical Survey of the National Coal 
Resources, No 7 ” Gas analysis was conducted with the Hempel apparatus, 
hydrogen ahsoi’bed over copper oxide, and the remainder exploded for 
methane and ethane. The whole of the grant has been expended, and the 
work is being continued by the Fuel Committee of the Department of 
Scientific and Industrial Research. 

Professor Easterfleld was, in 1921, granted C200, and in 1926 an addi- 
tional £100 for research on the cool storage of fruit. He reports that the 
results of the 1926-27 experiments have been published during the year in 
the form of a pamphlet Experiments are now being extended in the direc- 
tion of using other varieties of fruit and still further modifyng the condi- 
tions undei’ which the fruit is stored. The general result of the researches 
has been a great increase of knowledge on the conditions under which 
apples can safely be stored for comparatively long periods. The whole of 
the grant has been expended. 

Dr. C. C Farr was. In 1924, granted £250 for research on Helium in 
New’ Zealand He repoi*ts that he and Mr. Rogers have continued the 
investigation during the whole yeai, and gases have been collected from the 
Northern part of the South Island, and from the Taranaki, Hawke's Bay, and 
Gisborne districts, and their Helium content has been determined. As Mr. 
Rogers has been able to devote his whole time to this investigation pro- 
gress has been much nioie rapid, and it is hoped to complete the work 
during the coming year. Specimens of all gases collected have been pre- 
served for chemical analysis, and the results, together with the Helium 
results, will he published, and it is hoped to possess an accurate knowledge 
not only of Helium content but also of the general character of the gas 
effusions which are to be found in so many different parts of the Dominion. 
The expenditure to date is £161/1/8. 

Dr. r. r Farr was, in 1921, granted £15 for research on the physical 
properties of gas free sulphur. He reports that work in connection with the 
research has gone on as opportunity presented itself, and this year it has 
been brought to the publication stage, and an account of the work done and 
the results arrived at has been prepared in the form of a paper by Farr and 
McLeod, and has been sent to England for publication. Owing to the 
experimental difficulties involved and also to lack of time, the investigation 
has been rather prolonged, but it is hoped that the results are of sufficient 
importance to iustify the labour which has been put into it. There has been 
no expenditure during the year, the unexpended balance being £4/18/1. 

Dr. C C. Farr w^as. in 1923, granted £30 for research on the relation- 
ship between radium emanation and goitre He reports that as far as the 
work contemplated originally is concerned it was finished with the publica- 
tion of a paper by Mr. M. N. Rogers, giving the results of an examination 
of different sources of water supply in Canterbury and elsewhere. At this 
stage, however, the work was continued by Dr. Milligan in conjunction with 
Mr. Rogers, and papers have been read by them during the year embodying 
the results of injecting rabbits with radon, and of impregnating water 
inhabited by trout wlih radium emanation. The work is more properly 
carried out with the aid of a Bio-chemist, and it is suggested that the 
balance of the vote should be handed over to Mr. Rogers and Dr. Milligan, 
so that experiments may be continued by them. No expenditure was 
incurred during the year, the unexpended balance being £14/0/7. 
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Mr. H. J. Finlay was, in 1924, granted £100 for research on tertiary 
mollusca. He reports that the work is covered by papers which have been 
published in the Transaction a of the New Zealand Institute. Perhaps the 
main work done has been the critical review of New Zealand recent and 
tertiary molhisca. the results of which are embodied in “ Further Com- 
mentary in New Zealand Molluscan Systematica.” Some hundreds of 
species have been described and thousands identified, many new genera have 
been proposed, and a valuable relerence collection built up for the use of 
students of New Zealand Mollusca. The whole of the grant has been 
expended. 

Mr. F. W. Foster was, in 1923, granted £25 to collate the notes, MSS., 
etc., of the late Sir David Hutchins. He reports that he is still working 
on the notes and the MSS., and he hopes to submit a large portion of the 
work early in the Ne^v Year. No expenditure has been entailed. 

Dr. F. W. Hilgendorf was, in 1926, granted £50 for a calculating machine. 
This instrument is used for the purpose of co-ordinating agricultural experi- 
ments and is assisting investigations in many directions, and is in almost 
daily use. It has been used in correlating scattered manurial experiments 
in yarious places, and the first Bulletin on this subject is now in the press. 
The whole of the grant was expended in the purchase of the machine. 

Mr. H. Hill was, in 1925, granted £50 for completing a survey of the 
Taupo Plains. He forwards a report of the results of his investigations 
A\hich have covered a wide area of land, and have dealt with many aspects 
of the survey as follows: Sulphur deposits, clays, etc., water finding, rhyo- 
liie deposits, exploitation and value of the pumice lands, etc. There is an 
unexpended balance of £8. 

Dr. J. H. K. Inglis was, from 1923 to 1926, granted amounts totalling 
£75 for research on the essenti.al oils of native plants. He reports that 
during the year work has been begun upon the oils of seveial plants, but 
no I’esearch lias been carried through to completion. A considerable amount 
of oil has been obtained from White Pine and Totara, and work on these 
will be can ied on next year. Work has also been carried on on Silver 
Pine, some Aarieties of Rata, Black Pine and Red Pine. There is an unex- 
pended balance of £2/14/10. 

Mr. G. Jobberns was, in 1926, gi anted £50 for correlation of shore plat- 
forms of tlie North East Coast of the South Island. He leports that the 
work is now well in liand and a complete preliminary survey of the coast 
has been made from Blenheim to Banks Peninsula. As many problems 
have arisen in the course of the work most of the coast will ha\e to be 
levisited. This he i>roposes to do in the vacation. To complete the work, 
terraces of East Coast rn ers will have to be evamiiied. This is likely to 
take a considerable time, and grantee has applied for an additional amount. 
The w^hole of tbe present grant has been exiiended. 

Mr. P. V. Knapp was. in 1925, granted £25 for procuring Maori Aitifacts, 
etc. He j’eports that no further lesearch has been carried on during the 
year, but he hopes to visit a rock shelter beyond Lake Rotoroa used by 
Maoris in their journeys from the East to the West Coast, and also to visit 
several camping sites in the Golden Bay district. No further expenditure 
has been incurred. Balance remains, £16/16/0. 

Mr. R. M. Laing w'as, in 1924, granted £100 for research on New Zealand 
Algae. He reports that he published a paper on the ” E.xternal Distribution 
of the New Zealand Algae and Notes on Some Algological Problems,” and 
another paper on the genus Porphyra is also completed. He considers this 
the most important (economically) of the genera of algae; the species are 
largely used for food in Great Britain. Japan, Hawaii. California and #»lse- 
where. In Japan they are extensively cultivated. He hopes to continue 
the work next year. The expenditure to date has been £65/7/11. 

Dr. J. Malcolm was, in 1919-1926, gi anted a total amount of £631/3/7 
for research on the the food-values of New Zealand fishes. He reports that 
he has personally carried out analyses of monthly samples of Stewart Island 
oysters for the ordinary constituents, and for their content of Vitamin A. 
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At pr^^Bent tlio work is mcoiiiplf^te, and lie liopes to publish the results dur- 
ing the year Samples of tinned tolieroa were also examined and found 
to he rich in Vitamin A. A paper on this subject is being prepared for 
jiublication. As it is unlikely that Dr. Malcolm will be able to continue 
the w^ork on fishes after completing what he has in hand, he wishes to 
thank the Institute for the financial help he has received without which 
the ivork could not liave been done. The expenditure to date is £609/18/*. 

Dr, J. Malcolm w^as, in 1918, granted £30 for research into the Phar- 
macology of New Zealand Plants. He reports that no further work has 
been possible this year, and lie suggests that the unexpended portion, £10, 
be used for isolating a quantity of Pukateine, sufficient to carry out research 
into its possible therapeutic uses. He suggests that Mr. Aston might under- 
take to do this. 

Dr. Marsden was granted, in 1924, £60 for seisrnological research. He 
Imports that nciliier lie nor Dr. Adams has been able to undertake the work 
and no expendituie has been incurred 

Mosquito Control Committee was, in 1925, granted £100 to carry on an 
investigation in Auckland. A lengthy report of the work done was sub- 
mitted to the Research (J rants Committee of the New Zealand Institute 
earlier in the year, and this Committee reported it as satisfactory. The 
work, however, i.s in a preliminary state, and the Mosquito Control Com- 
mittee applied for an additional grant in order that the work might be 
contimu'd nninten uptedly, and it proposes (in the event of the application 
being approved) to ha^(' a man giving his whole time to the research. The 
whole ot tlie ClOO has been expended. 

Mr. A. VV Pi Powell was, in 1925, granted £50 for a survey of the mol- 
luscan fauna of Manakau Harboui. lie reports that data is steadily being 
ac(‘uinulat<‘d. but owing to the diitlculty of access to the greater part of 
the shore lino, the wowk is not likely to be completed for a year or tw'o. 
Tn tiie nioantiine, olhoi work is being accomplished with the aid of the 
microscope previousU purchased by means of the grant. Several lengthy 
paptu's aie almost read> for publication. Expenditure to date is £37/13/7. 

Re.searcli Committee for Ecological Survey of the Waiteinata Harbour 
was. in 1.025, granted £65 for this work. It reports the next report will 
include the final ic.sults of the investigations. Durng the past year several 
expeditions were made, and collecting stations established at all important 
lioints Observations and data hav'^e been made on mammals and birds, fish, 
invertebrate animals and plankton and seaweeds. Expenditure during the 
year amounted to £13/4/1. 

Mr. W. P. Short was, in 1925-26, granted £175 for an investigation into 
the couslitueiits of New Zealand Essential Oils. He reports that the catalytic 
hydrogenation appai-atus arrived broken, and it was necessary to wait for 
replacements fi'oin the makers in Europe. The apparatus, however, is now 
111 working order. He has been working on t^csqniteipnic and Lcptospennol, 
and is making preparation for an attack on the constitution of other con- 
stituents of essential oils from plants growing in New Zealand. The total 
expenditure to date is £169/15/8. 

Mr. H V Skev, who took over from Capt. Isitt a balance of £36/10/9, 
jind who w^as granted an additional £175 at the end of last year, for research 
on Upper Air, reports that since last report 103 balloon flights have been 
observed. An account of the results for the first 87 flights was given before 
the ("antorburv Philosophical Institute in August last, the results being 
illustrated in graphic form. The apparatus purchased by means of the 
grant was loaned to the Department of Scientific and Industrial Research 
during Pebi’uary and March of this year, and intensive series of observa- 
tions were made, and the results are to be published in the Annual Report 
of the Christchurch Magnetic Observatory, and Mr. Skey requests that per- 
mission be given to him to have all the observations he makes published 
in the report, also so that all tlie results should be available together. The 
additional improved aero-theodolite ordered from Messrs. Watts and Son 
should shortly be delivered, and the balance of the grant, £170/1/7. should 
be sufficient to meet this expense and to carry on during 1928. 
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Professor R. SpeiRlit was, in 1919, granted £225 lor geological survey 
of tlie Malvern Hills. He reports that the final report, covering the whole 
work of the research is being published by the Department of Scientific and 
Industrial Research. There is a small balance in hand of £3/1/3, which 
it not required wnll be refunded. 

Dr. J. A. Thomson was, in 1919, granted £100 for research into the 
chemical character of igneous rocks. He reports that owing to ill-health he 
luid to suspend work on this research. There is an unexpended bahance of 
135/12/6. 

Mr. A. Tonnoir was, in 1925, gianted £50 for research on New Zealand 
glow worms. He reports that, owdng to his removal from Cni istcliurch, 
where the research was instituted, to Nelson, he has been unable to continue. 
He hopes that next year he may be able to resume. He has a hahuice in 
hand of £7/0/3. 

Messrs. Wild and Tankersloy were, in 1923, gianted £25 for a soil survey 
of the Manawatu District. Mr. Wild reports that the wmiK has piogiessed 
as limited opportunities permitted. He does not anticipate requiring the 
unexpended balance of £18/5/6. 

Professor F. P. Wiirley wa.s, in 1923, granted £25 and in 1925 an addi- 
tional £2.5 tor resea rcli on the chemistry of essential oils and (»lhor pioilucts 
of the New Zealand flora. He reports that during the >ear the esseiihal oil 
of Maireliau {Phrbalnini nutiitm) has been investigated, and the lo^ults are 
being prepared tor publication. During the summer he intends collocthig 
a supph ot leaves of \Irlxopc hniata for investigation next >eiir. Kxpeiun- 
tiire to date is £21/8/6. 

Mr. F. H. McDow'all w'as, in 1924, granted £60, and m 1926 an addi- 
honal £20, fur an investigation of Ngaio Oil. He repoits that tlie results 
have been published In the Journal of the Chemical Society under the title 
“ Constil nenis ot M itopm inn Ltultnn, Forst. (The Ngaio), Parts 1 and 2” 
Pait “ de<ils with H>du)genaUon ot Ngaione and Ngaiol and Deliv di ation 
rd Vgaiol, and w^as published eail> in the yeai. Mr. McDowaill is working 
Oil this lesoarch at ljon<i(»ii rnivernty, and his grant is In nip admunsterc'd 
through the High Poniinissioiier who has £20 in hand. 

Reports have not been received from the follow’ing: — 

Mr. O. Drift in, £100, Fruit Tree Diseases. 

Ml. (r. Salt, who took over Professor Durbidge’s research grant of £12.5 
tor Long AVave Wireless from Europe. 

Mr. II. Hamilton, £30, Cave Fauna of Now Zealand. 

Mr. F. K. I^omas, £25, research on Intelligence of School Children. 

Mr. W. J. Phillipps, £30, Infe History of New Zealand Fishes. 


Hiscaixli Grant Commilitv liepori . — On the motion oL’ the (Jhnir- 
man of the Ec^earch Grant Committee, Dr. (’hilton, the rejioil was 
adopted. 

liiscarvh Vropcrtij . — (Vrtain (iiU‘s1ions in regard to tlie di^pos-d 
of books and ap]>aratus were reftTred to the Standing Ooiniui1t(‘e. 

Date and Place of Anmial Medtpy . — On the motion of the Hon. 
G. M. Thomson, it was resolved that the next Annual fleeting I )i‘ lu'ld 
pro forma in Wellington on the 10th January, 1029, and adjourn(‘<l 
to Auckland at a date to be tixed later. 

Science Congress, 1929.- It was re.solved that tlu' next Sei(‘ne(‘ 
Congress be held in Auckland at a date to b(‘ fixed. 

National Research Council , — On the motion ol Professor Parr 
seconded by Mr. A. M. Wright it was resolved that the const itiit ion 
under the New Zealand Institute of the National Rescareh Conneil 
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1)0 rcFoiTc'd to llio Staiidiiij? Conimitlee to oonsidor and report at next 
Annual Meetiii;*: and tliat in the nioautime the Board oi (Jovernors 
aot as the National Research (^ouncil. 

Pan Pacifii Sdoivf Confp'css. — C^orresi^oiidence From the Presi- 
dejil and (lOiiora! S(‘civtaiy oF the Fourtli Paeitie Science ('ouKress. 
to ho liold at da\a in May, 1929, was read, and copies of the First 
Annoufieoinont laid on the table. It was resohed that incorporated 
societies be cirimlated in rej^iird to the matter. 

Cap( Kuhiapixrs Pird Sanchianj.- A report from the Secretary 
of the Board was recei\ed. 

JIullou Jifscarrh Grants. — An api)lieation was received fj'om Dr. 
('has. ('"hiltoii for a grant of £50, for expenses in connection wnth liis 
rcsear(‘h(‘s on New Zealand and Antarelie Crustacea and one from 
^Ir. JI. J. Finlay for £10, for dcFi'aying j)hotographic expenses in 
coim(‘clion A\ith his research on New Zealand mollusca. Both appli- 
cations on llie motloii oF Hon. H. M. Thomson secojided In Professor 
M'orley wcut granted. 

Ilnlton Award. — .V letter From Dr. Benham w’as refeiTcd to the 
Hutton Award (\mimitte(‘ for consideration. Dr. Chilton w'as added 
to the Coiinnittee. 

Storage of S})(cimcns.-—\ letter from the Turanganui Pii])lic 
Library in regard to stoi’ing specimens w’as reterj*ed to th(‘ Standing 
( /V)jnmittee. 

Waipoua Fan si. — On the motion of the Hon. C. M. Troinson 
seconded by Dr. Chilton it was resolved: That this Institute views 
with regret the action of the Govcnimcnt in opening a puldic road 
through the Waipoua Forest, when one which would have served the 
needs of the district and oF the settlers in the neighbourhood could 
hav(‘ been constructed round the Forest area at the same or only a 
slightly increased cost.” Jt w^as Furthei’ resolved: That as the 

Wai])oua Forest contains the only large tract of Kauri forest left in 
New' Zealand, it is de,sirablc that it should be preserved for all time 
and that no trees should be removed from the area except under the 
authority oF and ])y the oflieers of the Forestry Department, and only 
where it is considered that such removal of trees is essential for the 
regeneration of the Kauri forest."’ Dr. Thomson moved and Pro- 
fessor Easterfield seconded and it w^as carided: '‘That the Auckland 
Institute be asked to set up a Vigilance Committee to preserve the 
Waipoua and Trowmson forests intact.” 

Annval Mcding. — Mj*. Hill moved and Dr. C'oekayne seconded: 
That a meeting of the New Zealand Institute be held in Wellington 
on the 10th January, 1929, and adjourned to the Tongariro National 
Parlv two days later. Professor Segar moved an amendment that Mr. 
HilFs motion ])e considered next year. The amendment was carried. 

Method of Flections . — On the motion of Dr. Thomson seconded 
by Professor Easterfield it was resolved: “ That a committee of three 
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members l)c set up to examine syst<‘ins ol* election and to reeommond 
an improved system lor the election of Fellows and of Honorary 
Members, the Committee' to report to the Standijig Committee, and 
that the Comiiiitee consist of Professor Se^ai*, Professor Sommerville 
and Dr. Thomson (convener). 

Avihur\H Poi^s. — On the motion of Dr. Cockayne seconded by Mr. 
Hill it was resolved: Tlmt the Department of Lands be informed 
that it is not merely tlie forest near Arthur's Pass that should hv 
made a Scenic Reserve, but also the open ground on the actual Pass 
itself, such ground being famous for its alj)ine j)lants. 

Abi<iracls of Pagers. — On the motion of Professor AVorley 
seconded by Professor Segar it w’jjus resolved: “ That the Standing 
Committee be instructed to enquire into the i) 0 ssibility of publishing 
abstracts of papers j)ublished outside* tlu* Dominion l)y w'orkers in 
New' Zealand. ’ ’ 

Bcscarch Grants. — On the motion of Dr. Parr seconded In Mr. 
AVright it wuis rcsohed: “ That in order to avoid unnecessary delay 
it be a recommendation to the Goveiiiment that applications for 
research grants which Jiavc been appj*o\ed In the Research Grants 
Committee and by tiie Standing ('ommiltee of the New Zealand Insti- 
tute be placed prom])th before the Minister." 

Dr. Cocliuijnc Honoured. — On the motion of Dr. Thomson it was 
unanimously resolved: That this meeting congratulates Dr. 

Cockayne on the thive recent honours confei‘j‘ed on him: The Mueller 
Medal, Honorary Membership of the American P>otanical Society, 
and Honorary Membership of the Finland liotanical Society.” 

Election of Office rs.—Vrc^idQni, Dr. J. A. Thomson; Hon. Sec- 
retary, Mr. B. C. Aston; Hon. Treasurer, Mr. M. A. Eliott; lion. 
Editor, Mr. d. C. Andersen; Hoii. Lil)rarian, J^H)fessor Sommerville; 
Hon. Returning ()ffie(*r. Professor H. W. Segar. 

Meinagtrs e)f Trust Ae counts. — Mr. B. C. .Vstojj and Mr. M. A. 
Eliott. 

Rescareh Grants Gonnniilee - l^rofessor Farr (Convener), Pro- 
fessor Speight, lliJgendorf, Dr. Denham, and Mr. .V. M. Wrgiht. 

Hector Atvard Committee. — Dr. Chilton and Mr. G. V. Hudson. 

Hamilton Aweird Committee. — Dr. Marshall and Dr. Thomson. 

Library Committee . — Professor Sommerville, Professor Kirk, 
Professor Cotton and Dr. Thomson. 

Finance Committee. — Mr. AV right, Hon. G. M. Thomson, Pro- 
fessor Segar, Messrs. Eliott and Aston. 

Azotes of Thanks were accorded to the President, Hon. Editor, 
Hon. Secretary, Hon. Treasurer and Assistant Secetary; also to the 
Council of A^ictoria College for continuing to house the Library and 
Office, to Professor Kirk for the use of his room for the meeting, to 
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the Dominion Museum Tor use of room, ami to the Press for its 
attendance. 

Travelling Ejcpense.s . — It was resolved tlial travelling expenses be 
paid. 

Dr. A. W. II ill . — Just prior to the afternoon tea adjournment, a 
visit was 1‘ceeived from Dr. A. AV. Hill, Director of the Royal 
IJotanic Gardens, Kew, accompanied by Dr. Marsdeu, Seci’ctary of 
the Department of Seientfie and Industrial Iteseai’ch. 

Dr. Hill is visiting Australia under an-angements made by the 
Empire Marketing Board and the New Zealand C’ouncil of Scientific 
and Industrial Research invited him to extend his itinerary so as to 
inehide New Zealand. 

After afternoon lea the Board resumed, and the Presidtuit, in 
welcoming Dr. Hill, said it gave him great pleasure to inform Dr. 
IJill that he had that day l)cen elected an Honorary Member oi' the 
New Zealand Institute. Dr, Hill thanked the In.stilute For the 
honour conferred upon him, and stated that he was very glad of the 
oppoi'tunity of meeting members of the Boai’d of Governoi’s. H<' gave 
an interesting outline of his career as a Botanist, and later joined in 
a general discussion of botanical mattc'rs in Nc'w Ze.dand. 
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PRESIDENTIAL ADDRESS. 

By B. C. i\STON, F.T.C., F.N.Z. Inst. 


iientleiiicn ol! the Board ol Governors: — 

My first sad duty is to refer to those oL' our jueinbers who have 
died during the year. 

Governor . — Richard Francis Bollard, M.P., born 38G3. Minister 
of Internal Affairs since 1923. Jle sat in Pa7diain(*nt continuously 
since 1911. lie was one of the most beloved members in the House, 
and was always sympathetic towards the applications oL* the New 
Zealand Institute. He \vas especially interested in bii'd-protcction. 

Jlonorarii Meynhers : — 

Georg Ossian Sars, born iS‘>7, for many years Professor of Zoo- 
logy in Oslo (riiristiania). He was (nninent as a marine biologist, 
w^as an authority on Crustacea, and did much work on the New Zea- 
land s])ecies. He (corresponded freely with the avoi‘1s(m*s iji that gi'oup 
in New' Zealand, lie was elected an honorary meinlu'r in 1902, and 
died 9th April, 1927. 

A. Liversidge, F.R.S., born 1847. He was a student of Frank- 
iand, Tyndall and liaiusay. He was in 1873 elisded to the Chair of 
Chemist]’^ at Sydney I niversity, a ])osition which he hold until 1908. 
He ex(‘elled as an organizer, originating the Ki'cult> of Science 
at S\(ln(\v rni\ersity and the Austj'alasian Association for the 
-VdvaiK'emeiit of Science. His research work was in the domain 
of descriptive and experimental mineralogy Few' men have done 
more to advance seieiiee as a whole in Australia and Xew' Zealand 
than Liversidge. He W'as elected honorary niemher in 1890, and died 
26th September, 1927. 

Fellow : 

Percy Gates Morgan, M.A., born in 1867. He was Direetor of 
ihe New Zealand Geological Survey; w^as at om^ time a member of 
this Board, and was elected a Fellow in 1922. He was an indefatig- 
able worker, and in spite of much administrative and editorial duty 
in tlie Department, found time to write many papers, covering a 
wide range of subjects, all of which are characterised by an unusual 
tlioroughiK^ss and attention to detail. He died in December, 1927. 

Members : — 

Joseph William Poynton, born 1861. Tie wms i\ magistrate who 
tooK a keen interest in scientific matters, especially those relating to 
geology and botany. He was successively Public Trustee and Sec- 
retary to the Treasury. 

Sir Henry ifrett, born 1843. He was a successful Auckland 
publisher, not only of new^spapers, but of educational books and 
periodicals, exhibiting a high quality in the w'orkmanship. 
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David Goldie, born 1842. lie was a snccesslul contractor who 
will be reiuein])crcd from his gift to the (Jity oi* Auckland of the 
beautiful kauri forest which bears his name, and a bequest of a 
tJiousand pounds to the Auckland Institute. 

Peter Goyou, born 1845. lie was a busy Inspector of Schools, but 
lound tinu' to study the natural history of Otago, and particularly 
the New Zealand s[)idors, upon which he contributed several papers 
to tlio Transactions. 

Charles William Purnell, born 1843. He was an Ashburton 
lawyer and journalist; he wrote two books on law, and contributed 
several papei’s to the Transactions. 

John Hardcastlc, Timaru, contributed papers to the Transactions 
t'li Geological subjects in the early volumes, and published a booklet 
on the Geology of South Canterbury. 

T. V. Hodgson, ol the Pl.ymouth (England) Science and Art 
Museum; he was a member of the ‘‘ Discover;^ ” expedition. 

Charles Oliver Mules, D.D., born 1837. He was Bishop oC Nelson, 
and took a keen interest in tlie Nelson Institute. 


Pnhlicatiom. 

The event oL‘ the year has been th(‘ successful issue of the 
TransdcUontv as a quarterly journal. It Mas not to be expected that 
the change-over from the Government Printer, with his highly trained 
si jiff and exceptional facilities, to a private firm could be effected 
M'ithout considerable trouble and some deterioration in the quality 
oJ the workmanship. Difficulties now appear, hoMwer, to have been 
successfully surmountcil, and it is confidently cxi)eeted that the 
quality muII rise to a high level, and the speediness with whicli the 
papers are published will make the Transactions the best medium for 
publishing original, ])ui-(*l> scientific matt(»r in Australasia. IL* 
authors will only take more care in the pr(‘inn*ation of their papers 
it will greatly facilitate the i>ublicatioii, lighten the heavy duties of 
the Honorary Editor, and decrease the cost of publishing, which is 
the hcavi(vst charge the Institute has to face. The cost of typewriting 
is so small that there is no reason why authors should not have their 
manuscidpts retyped until a perfectly clean copy is available for the 
Honorary Editor. 

As an example of what can be done win re the author does his 
best to assist, there is a fifty page paper on Polyporaceae, the last 
inanuscript ol* which was received on 21st August by the Editor, and 
the finished paper was issued separately wdtli eleven pages of process 
blocks containing 20 figures on 18th October in the same year. There 
are other instances of shorter papers being published within six weeks 
of their receipt by the Editor. I notice some blank pages inside the 
covers of parts 1, 2, and 3 of Volume 56. These ijjight well be used 
for enumerating the standard works on New Zealand science, such 
as the publications of the Board of Science and Art, the Department 
of Scientific and Industrial liesearch, and the Lands Department. 
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In connection witli publications, one must record satisfaction at 
the successful publication of the Canterbury Philosophical lnstitute^s 
Natural Hisiory of Canterbury. It is hoped that this example will 
stimulate other incorporated societies to undertake similar work. 


Sngycsifd Amendment io the New Zealand Institute Act, JOGS. 

There are several directions in which Uie New Zealand Institute 
Act could be amended with great advantage to tlic working ol the 
Institute. 

Tlic date of the Annual Meeting must, by Section 8, l)e held in 
the montli of January. This often means that Members of tlic Board 
must break their holidays to journey to Wellington, or some distant 
centime, in order to be present at the meeting. It also throws on the 
offi(*crs' shoulders the extra work of liringing the books uj) to dat(‘, 
eomiiiling, typing reports, and auditing accounts at a time when th(^ 
staff and officers arc straggling to get the ordinary work finished 
b(d'or(‘ the holidays. The result is that the quality of the work suffei's. 
Anotlier disadvantage is that the financial re])orts of the chief incor- 
I>orated society (Aucliland) are nearly a >ear old when received at 
the meeting. By having the financial year terminated on 3 1st IVlai'cli 
of each year this would bring the Institute s financial year into line 
with that of the Government and of the Auckland Institute. The 
.\nuual IMeeting could then be held in May, or some time during the 
New Zealand Vniversity midwinter (short) vacation — a time which 
would ])rol)abl\ suit professors. 

Another amendment which should be made is the addition of 
provision for the appointment of a Vice-President, who should be 
eligible for j’(»api)ointmcnt ;sear by year, and should be resident in 
AVellington. This would (mable the high honour of President to be 
distributed without regard to the locality of his residence. The Vice- 
President could be left to act as the President’s deputy on occasions 
wJien it is inconveiiient for tlie President to act in person. 

Section 2, which incorporates the societies forming the New 
Zealand Institute, requires redrafting, eliminating such societies as 
have become defunct, and 1 think making provision on the incr('ase 
in active membf^rshii) for any society now only sending oik' repre- 
sentative governor to send two. 

I consider an effoi’t should be made when oi)portunity offers to 
meet Sir Prank HeatlPs objection that the inedical and engineering 
professions arc not adequately represented oji the ])oard. Dr. Chilton, 
who is a Government appointee, might be said to represent medicine, 
and when a vacancy occurs the Government might consider the pro- 
])riety of appointing someone who would represent the engineering 
professions. 

Papers of a distinct interest for the medical profession are pub- 
lished from time to time in the Transactions, and one notices of late 
an increase in the number of published pa])ers on chcmistiy and 
physics. 
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Now that the New Zealand Institute matters are attended to in 
the Government by the Prime Minister, as Minister in Charge of the 
Scientific and Industrial Itcsearch Department, it might be as well 
to amend the New Zealand Institute Act to make the Prime Minister 
a member of the Board of Governors. 

I must again call attention to the desirableness of consolidating 
the statutory enactments regarding the New Zealand Institute, and 
incorporating the Clause 7 (i) of the Finance Act, 1925, under which 
authority the main income of the Institute is derived. 


Finance. 

The year has been such a ])usy one that the Finance Committee 
«ippoiulc(l at the last Annual Aleeting has not been called together, 
but ] would ask for its reappointment in the hope that it may evolve 
some metliod of augmenting the yearly income of the Institute. Pro- 
vision sliould be made lor tlie imblishing of a decennial index of the 
Transactions on tlie completion of Volume GO, and the work of index- 
ing sliould be begun next >car. 

Publication expenses are growing, the Library is growing, and 
tlie rcs])onsibilities of the Institute are growing. All call for provi- 
sion for the future. One may h)ok for a flood of original matter for 
publication, due to the inci’eased suuib being spent on n'scarch by 
the Government, and by educational institutions. The Institute must 
put itself in a position to accept for prompt publication any really 
worthy matter whether in the form of a paper in the Transactions, 
or as Ji Bnlletiu, or as a Memoir. If such matter is refused owing to 
Jack of funds, the Institute will lose the liigh reputation it at present 
holds as a publishing medium. The Editor should certainly call upon 
such of th(' members who are in the habit of publishing in English or 
foreign .ionrnals to exhibit their lojalty to the Institute by ])ublishing 
m the New Zealand Transactions concise abstract and reference of 
tlieir work. The publication of abstracts of all work on New Zealand 
subjects published beyond New Zealand sliould be the work of a 
(committee of Abstractors. I think it would be wtU if abstractors 
for, say. Botany, Zoology, Chemistry, Geology, and Physms could be 
appointed at this meeting. 

T should like to acknowledge the generosity of the Cawthron 
Institute and the Geological Survey Department for contributions to 
the cost of printing articles from members of the stalfs of these 
institutions. Such action might be followed by other Departments, 
the members of which contribute papers costly to print. 

Wealthy individuals of this comparatively small community 
might bo asked to help the Institute financially. Their comfort and 
amnseiueiil is largely catered for by modern inventions, made possible 
by sei(uitilic r(‘search-~ motor-cars, gramophones, telephones, wireless 
sets, and electi’ical services. Their very wealth is possibly due to the 
physicist who first studied the jdionomena attending the expansion 
and contraction of gases, and the (*heniist wlio first made snperphos- 
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pliate. I make bold to say that there are hundreds oi* cultured and 
wealthy citizens of this country who not only never make a donation 
to the Institute, but are not even members of any incorporated society. 
Perhaps they have never been approached. The creation of a body 
of patrons of the New Zealand Institute, each of which mif^ht ])ay 
according? to his inclination, but everyone somethin^*, mijjjht be a 
jneans of increasing the income of the Institute. Such patrons con- 
tributing more tlian 21s. would, of course, be entitled to the annual 
volume. 


Pres(rvaiio7i of Kaiural Moyiuments. 

The desira])leness of recreating the position of Superintendent 
of Scenic Keserves lias been the subject oC a motion by this Board 
in the past, and the lUM^ossity for such an office must be apparent to 
all who have the })reservalioii of typical areas of New /(‘aland jirirni- 
five vegetation at heart. Some broadei* outlook than the mere' pre- 
servation of veg(‘tation is, liowevcr, d(‘sirnl)l('. I consider that some 
()ffi(*e (^ 1 * dut> sliould ])(‘ institut(‘d, not noc^essarily (‘utailing the 
appointment of neu ofticTrs, but rather the creating of lunv dutic's 
to be appro])i*iat(‘ly laid on th(‘ slioulders of I'csident local officers, 
whose dut\ it should b(‘ to safeguard for posterity wh.it are called in 
otlu'r countries natural monuments. 

Some instaiK'cs may make ray meaning cleai*er. Near Portrose, 
Southland, in Waikawa Bay, is a fossil forest which is waslK‘d b\ 
the sea at high tides. Similai’ly at Mo(‘i‘aki Beacdi, Otago, are the 
most perfect conendions in the world, known as Moeraki Boulders. 
Ifundreds of these smaller boulders hav(‘ lieen takim auay to 
ornament Dunedin gardens. The Sandymount basaltic pillars are 
perhaps the finest in New Zealand. These three soutlnnm instances 
ai'c geological features which it should be sought to prescrv(‘. Being 
on the sea frontage and Crown [)ro[)ej’t\ , there is not the same diffi- 
culty in ])reserviiig the sit(*s that then* would b(‘ if they were on 
])rivatcly owned land, although in England I’ccently a larg(‘ area of 
valuable building-site land on the South (^oast Downs has been ]>re- 
served by ymblic* subscription. An instance near AV(dlington are the 
truly wonderful raised beaches at Tui'akirae. Another instance may 
be noted in the lava fields and volcanic cones at Auckland city. Such 
geological monuments as those stand in danger of being converted 
into stone quarries, or at any rate of being seriously damaged by the 
careless or thoughtless. 

The vegetation features are, of course, more numerous, but suit- 
able areas near all the chief towns or cities of typical primitive vege- 
tation should be preserved. One need only to look at the beautiful 
town of Taihape to realise what a great asset its readily accessible 
reserve of black pine forest is to the citizens. 

I consider that in default of a Government Department seriously 
taking up such a work of the preservation of natural monuments, a 
Committee of this Institute might be set up to report on the whole 
matter. 
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One must express satisfaction at the efficient administration of 
llie Kapiti Island sanctuary, the Advisory Comxnittee of which 
includes Professor Kirk. A mit to other sanctuaries and reserves 
by a representative of this Board might be productive of much good. 

It is now my duty and regret to vacate the office of President, 
and in so doing I take tliis opportunity of placing on record my 
thanks to the Governors, and especially to those members of the 
Standing Committee who ha^m helped me with the aid of their great 
knowledge and experience to carry on the business during the past 
two years. 

To the officers, and especially to Miss Wood, I have been truly 
indebt('d for much painstaking work cheerfully performed. 
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TRANSACTIONS 

Ol THE 

NEW ZEALAND INSTITUTE. 


New Zealand Bangiales (Bangia, Porphyra, 
Erythrotrichia and (?) Brythrocladia). 

By Bobt. M. Laing, M.A., B.Sc., F.N.Z Inst. 

iRcad hefoir ihc Plulosophical Institute of Canterbury, 7th December, 1927; 
receivid hu Editoi , 9th December, 1927; issued separately, 

May mn, 1928] 

Pi VIES 1-15 

CLASSIFICATION OF THE BANGIALES. 

The order Bangiales is divided into lliree families (Kosenviiigc 1909, 
p. 56), (1) the Baugiaeeae, gonidia arising by division (or also witli- 
tmt division from a mother cell, originally vegetative, (2) Erythro- 
iriehiaeeae, gonidia di^rived from special monospores, scjiarated by an 
incurved wall from a vegetative cell, (3) Goniotriehiaceae, gonidia 
ibrmed without a cell division. 

We are concerned Jit present witli the first tw'o families only, 
which are thus subdivided into genera (certain nonlocal genera are 
omitted) . 

(1) Banoiicea-i:. 

Frond filiform Bangia 

Frond flattened Fovphijra 

(2) ERYTimOTRICHIACEAi: 

(]) Frond erect filiform Erythrotrichia 

(2) Frond csDiisisting of creeping 

branched filaments more or less 
confluent to a monostromatic 
disc E ry throcladia 

The following species are described for New Zealand: — 

Bangia fusco-purpurea (Dillw.) Lyngbye. 

A new record for New Zealand. 

Porphyra columhina Mont. 

P. nohilis J. Ag. is reduced to a synoin m of this species. 
Porphyra suhiumens (J. Ag.) Lg. 

This species formerly represented by a nopun midnm is now^ 
described for the first time. 


c 



34 


Tnnisactiom. 


P, nmhilicalis (L) J. Ag. var* Novae Zclandiac Lg. var. iiov. 

To replace, P. vulgaris, P. laciniata^ and P. perforata, pre- 
viously described from New Zealand. 

ErythrocUidia (?) insignis hf!;. (sp. nov.) 

Erythrotrichia cilia ris (?) (Carm.) Batters. 

A species of questionable identity. 

B\x(jiArr:AE. 

Frond filiform Bangia, 

lNTRonrcTOR\ AxND IIlstorical. 

Two s])ccies of Bangia (B. ciliaris (^arm. and P. lanuginosa Hook. 
L*. et Harv. 1853 ii. 264) arc described for New Zealand in Booker 
(1867) p. 716. Bangia ciliaris is now Erythrotrichia ciliaris (Oariii.) 
Batters; and will be further considered under that genus. B. lanugi- 
nosa Hook. r. et JIarv. (1855) li. p. 264 has not again been identified 
and the original descriidion is so meagre that it is not likely I think 
to be rediscovered- It is ])rolmbly indeed merely a yoimg ibrm of 
the species B, fusco-purpurea (Dillw.) Lyngb. now to be recorded Cor 
the first time from New Zealand. B. lanuginosa is described irom 
specimens etdlectcd by Colenso as parasitic on Chordaria/* no 
locality is given, but it 'would x)robably be the east coast of the Xortl) 
island where most of (^olenso s species were oldainod. 

Bangia fusco-purpurea (Dillw.) Lyngb. (1819) Ilydrophyt. Dan. 
p. 83. 

In its fresh water form this s[)ccies is knowm as B. airopurpuna 
i\ Ag. J. Ag. (1882) p, 36 treats B. fusco-purpurea as a variety of 
B, afropurpurca 1 (piote Ids description for the benefit of New Z(‘a- 
land students. B. afropurpurca, purpureo-violacea eloiigata, stratum 
effusum in rupi])us et lignis efficiens, filis junioribu^ cylindraccis 
reetiusculis, singulis, conspicue articulatis adultioribus inei'assatis 
curvatis ai’colatis, articulis in cellulas (piarternas plures(pu‘, domiim 
nmnerosas et fere sine ordine conspicuo juxta-positas divisis, endo- 
chromatilnis in filo adultioi’e densius farctis, spatiis intercedtmtibus 
hyaliids angustis vix conspieuis var. B. fusco-purpurea sae])C Aalida, 
marina colore dilutius aut obscurius jiurpurascentc. 

There are a number of forms of B. fusco-purpurea and several 
closely allied species; however, I do not intend at present to discuss 
details, but merely to record this widely distributed aggregate species 
from New Zealand Avaters, It is known from the North Atlantic, 
Mediterranean, Californian, and Tasmanian coasts. 

Localities’: On a drifted log between tide marks, Homewood, 
Pelorus Sound (Sept.); on the pier New Brighton, near higli-tide 
mark (June), Dunedin, and elsewhere. 

Frond flattened Porph yra. 

Introduction. 

Amongst the sc'aweeds of commercial importance the genus 
Porphyra occupie-; a high position. Species of this genus are widely 
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used as a Ibod, as a iiiL’diciiie, as a delicacy. Jn Japan they arc culti- 
vated, in Great Britain under the name of Purple Laver or Sloke 
they are regularly sold, as also under different names in Japan, 
Hawaii and California. It is therefore a matter of some importance, 
eommercial as well as scientific, to ascertain the actual species exist- 
ing in New Zealand. This is not easy, mainly owing to the fact that 
some of the earliest investigators, after a rursovy examination, fre- 
quently assimilated species occurring in New Zealand with distinct 
European species ; and it is now almost impossible to determine, with- 
out access to the original sj)ecimens, what were the New Zealand 
species appcai’ing under European names. It is not proj)Osed liero 

10 undertake a complete investigation of the New Zealand forms; but 
merely to (‘xamiiio them with sullficient (‘are and detail to (mabic them 
to be assigned definitedy to th(‘ir propej* positions. 

The first difficulty that the in\estigator iiieets is the absence of 
.any general agreement amongst algologists as to the exact s^^stematic 
position of the family or group. That ne(‘d not detain us long here, 
as it will be sufficient for our purimses, if it is clear that aiv (h‘al- 
ing Avith plants usually plac^cd in the gi*oup. 

By older writers it was usually jdaced among the LTvaeeae, wlune 
it still app^'ars in J. Agardh (1882) p. o8. However, Le Jolis (18G4) 
p, 99 following Thuret had already pla(‘ed it before the Florideae; 
and in this jmsition it is usually no^^ to be found, ni the group IV, ni- 
gialcs, aecom])anicd by various other genera. Oltmanjis (1922j P)aiid 

11 s. 2J0 places the Bangiales outside the Rhodophyc'eae, l)Ut just 
]>rior to them. (The name Plnu'ophyeeae in Oltmanns ()e(*urruig at 
the top of the ])age, is doubtless there as the jvsult of an oversight). 
It has to be admittinl, that Porpliifra with its ])urplo (‘udoclidroiue, 
(‘arpospores endowed with amoeboid motion, iiiid inteivalary growth 
is V(3ry different from any triK' Klorid(an; but until a hi'ltei’ phiee 
ean be found for the group, it must remain her(‘. The aliscau-e of 
protoplasmic inter-(*ellular strands is anotlnu* featun^ distingaishiiig 
the Bangiales fi’om the true Bliodopliyceao. Tt is now our puriiose 
merely to describe in some detail the species hitherto assigned (rightly 
or wrongly) to th(‘ genus Porphyra, and oeeiirring in Aow Zealand 
winters. 

The genus is widely distribut(xl in all tcm])erate and eoldei’ seas. 
Jn 1897, Englcr and Prantl. ]). *il2, reeogiiiisiod only 20 specie's, and 
(‘onsiden'd the g(*nus to 1)C cosmopolitan: but since llum many fresh 
spe(*ics have been described, and the older species hav(‘ heen l)ett('r 
delimited, so that now' there are jirobalily at least fifty reooguized 
>>pe(*i('s, and it appears that some wdiicli w(‘rc at one time thought to 
be cosmopolitan have a much narrow'cr area of distribution than was 
])reviously believed. The sjuMues are often difficult to discriminate 
without close examination. Hence much confusion has arisen with 
regard to them; and this as will ]>resently he seen has been tlu' (*ase 
especially wdtli our New Zealand forms related to P. umhilicfflis. 
Apparently there are- tropical areas from which the genus is absent ; 
and the type species wnhilicalis (L) J. Ag. at one time thought to 
be found in all seas, was later, after closer examination, regarded as 
confined to the North Atlantic. Still further examination has again 
extended its range to the extra-tropieal seas of both hemispheri's. 
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Xorlli Atlantic, North Pacific, Cape of (xood Hope, South American, 
Sub-^Vutarc'tic, etc. 1 now propose to regard the Nc\v Zealand plant 
as a variety of this nearly eos'iiiopolitan species. 

Pearlier investigators were content to describe the species of this 
genus in terms of colour, consistency, shape, and general appearance. 
Tfenee the original belief in their eosmo])olitan nature. But later 
investigators showed that these characters were subject to so much 
modification, dei)endent on ecological conditions and the treatment 
ot* s])ecimons, tliat they w^re for the most part unreliable for the 
discrimination of species. Subsequently during re-examination the 
Icndency was to limit specific areas, and these again arc now tending 
to be widened with the increase of more dcfinit(‘ knowledge. Thus 
it again appears to be probable that P. vmhilicalis (L) J. Ag. is an 
almost cosmopolitan plant ; and prol^ably in all its foi’ins valuable for 
lood. 

Kngler and Prantl (1897) p. 308 give as one of the chief marks 
of the Bnngiales a single star-shaped chromatophore with a central 
pyrenoid. In most of the New Zealand forms the pyrenoid is with 
])r(>per treatment quite readily visible; but it is by no means evident 
lhal th(' chromatophore is always star-shaped. Usually the single 
chromatophore fills the whole lumen of the cell, though at other times 
V, itii different treatment it shows an irregular margin. In Porphura 
\uht unions it is somtimes granular in appearance; but it has not yet 
lieon cleai’ly ascertained that the granules are discrete, and so the 
spec'ios has, for the present at any' rate, been left within the genus. 
No attempt has been made in this investigation to make a detailed 
01 ’ (\\tologica] study of tln^ cell (*ontents, conseciuently they will not 
1)e further dealt with l\ere. It is usually considered that the chromato- 
phoi’c contains both phycoerythrin and phycocyan, thus giving to 
Porpln/ra its ])urplish colour. But this colour varies much with the 
age, slate, and eimronment of the s])ecimen. New^ Zealand forms in 
th(‘ fresh state are often of a dark translucent sherry-colour when 
vi<‘wed by transmitted light; but a brown black as they hang glisten- 
ing I’rom the tidal rocks. The colour changes when the plant is dried 
and preserved in a her])arium, and goes through a large number of 
more or less indefinable shades, tail, purplish, wine-red, plum-colour; 
and it is unfortunately chiefly from herbarium specimens that the 
colour has been described. In some cases after the plants have been 
dried for a time, the colour is sufficiently determinate to be of value 
Jor diagnostic purposes; but it must always b(‘ used with caution for 
this end. 

Similarly in respect to the form. This, though to isome extent 
characteristic, varies with the age, habitat, and other circumstances 
of the plant, and is in itself insufficient to determine the species. 


History. 

(A) The first species known from New Zealand was P, cohm- 
hina Mont, from the Auckland Islands. (Montague in D’Urville 
bS4r), p. 33). There can be little doubt that this is the common 
Porphyra throughout New Zealand and the adjacent islands. 



Lainu. — N.Z. Bangiales. 


37 


(B) Harvey in Hooker 1867, p. 715 following on his work in 
the Flora Fovao Zclandiac, and the Flora Antarctica, lists three 
speeios. 

(1) P. laciniaia Agardh. 

(2) P. vulgaris Agardh. 

(3) P, capcnsis Knctzing. 

(1) P, laciniaia == P, umbilicalis (L) J. Ag. f. laciniaia (Light.; 
Tluii'et in Le Jolis' Lisle (18()4;, p. 99 — is a form of the eoiiimon 
J^orphijra oi the North Atlantic and Mediterranean. 

(2) P, vulgaris ---=- P. umbilicalis (L) J. Ag. f. vulgaris (Ag.) 
Thurct in Le Jolis’ List(% p. 9J). Hiis is also one of the forms of 
the coiTunon North Atlantic s])ecics. 

(3) P. capensis Knctzing is a South Afri('an plant, here wrongly 
identified with P. iohonbina Mont. Harvey further states {loc cit.) 
that P, vulgaris and P. L(qj(nsis occur togellier and are probably not 
different. It will be seen that Harvey deletes the original good s[)ccies, 
P. colimbina Monl., and inserts thrive species, tw’o from the North 
Atlantic and oik' from the Cape of Cood Hope. Now% as aiivady has 
been noted, it was the tendency in recent years for algologists to 
restrict P. umbilicalis (L) J. Ag. in its Aarious forms, vulgaris, P. 
laciniaia, P. limaris to Northern waters; but wt cej*tainl> have a 
ioriu in New Zealand wdiich closely ap])roachcs P. laciniaia, and 
other ])lants can he tonnd which in most respects matcli P. vulgaris 
and P, hniaris, Howes (U*. our plant jiresents minor differences. It 
seems therefore wiser to describe our form under a \arletal nam(‘, niz., 
P. umbilicalis {h) d. Ag. Aar. Xovai Zdandiac Lg. This is th(‘ more 
necessary as there is in constant association with the New Zealand 
jdant in the saanc thallus, and to the ordinary e.>e (juite indistineuish- 
able from the Porphgra, a plant of a ilistinct genus, which 1 am 
naming Frgthrocladia (?) insignis. 

Thus though Ave have iii New Zealand the comniou English 
Porpliyra known as the ** purple hiAxr/' and used as a popular 
remedy in England and Scotland for scrophulous cases, as a delicacy, 
and as a food by the poorer fishing classes, it has associated with it 
I'ommeiisally and usually forming a large portion of thallus, a plant 
of a diff(‘rent genus, Avhich may liave diffei’cnt properties. It is thus 
impossible to obtain here purple laver in its pure form. 1 do not 
know what is the food value of tlie compotind ErgtlirocladuhPorphxira 
fronds ; but possibly they a\ ill be found to be quite as ac(»cpta1)le and 
.■just as useful as tliose of the true P. vulgaris, 

(C) J. Agardh (1877) p. K following JIarvey lists P, vulgaris 
and P. laciniaia only; hut in (1882) p. 62 he created the iicaa^ si»ecies 
/t nobilis for New Zealand, thougli he did not state if it Avas to rc|)lace 
one of the previously recoi’dcd species or not. I hope to sliow later 
that P. nobilis is only a form or sLitc of P. columbina, and that tlie 
name must disappear, or appear only as a slight varietal stall* of the 
latter species. P. nobilis J. Ag. is founded on specimens collected by 
Dr. Berggren ‘^iid oras Novae Zclaiidiae/’ J. Agardh {loc. cii.) 
further rcAUves Alontagne^s P. columbina for other specimens 
collected on the coasts^ of Ncav Zealand, and the adjacent islands by 
Berggren. 
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(D) In 1899, Laing p. 61 following Agardh 1882 p. 62, records 
iroiii New Zealand, P. nohilis, and P, cohmbma; and drops tlie North 
Atlantic forms of P, xmhilicalis (L) J. Ag. recorded by Harvey, and 
ill the .Vddondnm No. 389 records P. svbtnmcns J. Ag. (mscr.). This 
is a nomen nudum and is described later in this paper for the first 
time. 

(E) Then in 1909 p. 503, Laing records for the Sub- Antarctic 
islands of New Zealand: — 

(1) P. perforata J. Ag. 

(2) P. nohilis J. Ag. 

(3) P. columhina Mont. 

P. perforata J. Ag. is a plant from the North Pacific, fully 
d(*scribcd by IIus (1902) p. 202. It is best known from California, 
l)ut or*curs North to Alaska and again probably on the north-cast 
Asiatic coasts. The plant Avas identified for me (somewhat doubt- 
Inlly) by A. Cepp, as occurring in the Sub- Antarctic Islands of New 
Zeahuul. '' Whether P. perforata is light for the Campbell Island 
s]iecimens, I cannot say for certain. It is as near as I can get at 
present.’^ (Extract from letter from A. Gejip under date November 
24tli, 1908). Later Prof. Setchell assured me that the plants corres- 
])ondod exactly in external appearance with the North Pacific forms 
of P. perforata. Hence I have hitherto enumerated tlicm as such, 
and as replacing the P. laciniata of llarveA. Closer examination 
enables me to state that they are not P. perforata. Wliether this is 
the lorm described by Harvey as P. laciniata J. Ag. it is imjiosi'iiblc 

10 stale Avith certainty, without access to the original siiecimens, but 

11 is the only species on Ncav Zealand shores commonly laciniate, and 
Avould almost certainly be in Harvey \s herbarium. However, Harvey 
obAdously gave the Ncaa Zealand Porphyras enumerated by him only 
a (‘ursory examination. Thus lie says of the Auckland Island forms, 
Hooker ( 1844) ]>. 193, lhat P. voUimhina differs from P. vulgaris 
in the rigid texture of the frond, and without further coiumciit idcniti- 
fics it with the South African P, capensis. Similarly he identifies the 
New /(‘aland forms, Ilookin* (1855) ]). 264, as P. laciniata J. Ag. 
and P. vulgaris Ag., but gh^s no detailed description. 

(F) in 1926, Laing following his previous determinations 
r(‘('ords in his list of marine algae the following specios p. 146 : — 

145. P. cohimhina Mont. 

146. P. nohilis J. Ag. 

147- P. perforata f. lanccolaia Setchell and Hus, 

148. P. suhtumens J. Ag. {nom. nud.) 

It is proposed now to show that P. nohilis is only a synonym for 
P. iolumbina; and, as already stated, that P. perforata is distinct from 
the New' Zealand ])lant, and to provide a dcscri])tion of P. smhtumens. 

Kly to Ni:an Zi:\iaxd Si’rcu:s oj^ PoaPiiYKA. 

P. columhina y cystocarps large containing up to 256 or more 
car])ospores, monoecious. 

P. timhilicalis, var. Novae Zelandiae, cystocarps containing nor- 
mally 8, but sometimes 16 carpospores, monoecious. 
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l\ subtmicns, epiphytic or parasitic on D'Urvillea, cystoearps 
with 16 to 32 carpospores, monoecious. 

P. columbina Mont. 

Sy>wnyms, 

1\ capensis Kuetz. ; Harvey (1847) i. p. 193; Harvey 1867 p. 715. 

P. nobilis J. Ag. (1882) p. 62; Lg. (1899) p. 61, No. 35; Lg. 
(1909) p. 504; Lg. (1926) p. 146, No. 145; do Toni e Forti (1923) 
p. 13. 

P. vulgaris, Ilarv. (1855) ii. p. 264. (?) P. Kvnthiana. Kuetz. 
Phjc. gener. p. 383. 

I quote the deserii)tion o£ Montague with some of his comments, 
as it is rather inaccessible and as it will be necessary to refer subse- 
qiu ntl}' to various points in it. 

Porphyra columbina Mont. 

P. frondibus gelatinoso-membranaceis aggregatis parvulis pur- 
pureo-violaceis, columbinis, orbiculatis crispato-undulatis granulis 
sub-quaternis. P. columbina Montag. Prodr. Antarct. p. 14; Endl. 
Lc. p. 19 llab. in oils Aucklandieis ab ill. DTIrville invcnta. Desc, 
h^'rondes ex una basi dilatata disciformi plures in caespitem congcstae, 
tenuisbi me membr anaceac, gelatinosac, orbicularcs sesquipollarcs, 
margine lacero-crispato undulatae, minutissime rcgulariter violaceo- 
punctatae, ct sporidiis purj)ureis in acervos orbiculatos collectis aut 
efEusis granulatae. Structura cellulae ampiae bina granula violacea 
quaruiu singulum utriculo proprio inclusum Aidetur, foventes et 
ordine (luaterno saepius dispositae. Sporidia granula nutritionc s. 
vegetationc‘ praeter modum aiicta, 2-4 plo. crassiora accreta simul 
confusa purpurea sorosque effusos imprimis ad margines efformantes 
substantia timuis, mcmbranacea gelatinosa facillimc dilaceranda. 
Chartam cui causa exsiecationc imi)osita fuit, conchyliatam ad ambi- 
tum anuHMK' ivdiit eique praterea arctissime adhaerct. 

fl. A^ardh (1882) ];. 70 gi\es the rollowing diagnosis. 

Porph. columbina (Mont. Prodr. phyc. ant p. 14) rupicola 
mcmbranacea ex liAido violacea pluripollieai’is, fronde juvenili sessili 
su])ra baseiu reniformiter exj)ansa oboA^ato — oblonga marginis undu- 
latis lobatisque, domuiii distromatica endochromatibus quatcrnatis 
quadrigeminis invieeni distantibus, tetradibus limbo latiore ipsorum 
din met rum conspicue superanto a proximis scparatis, glomerulos spori- 
dunmn singulis ATrticaliler elongatis, suo diametro plus duplo 
longioribus.'^ 

Neither of these descriptions is sufficient for present-day require- 
ments and will have to be supplemented. Two points in Montagne^s 
accurate account misled sul)sequent inAestigators. The first is his 
statement that the plant is small, only an inch and a half in length. 
Obviously the specimens collected by DTb’ville were young or 
dwarfed, and other investigators looking for a small tufted form haA^e 
overlooked the abundant specimens of P. columbina growing every- 
where on the rocks between half-tide and high-tide marks on the 
open coast and in harboum throughout New Zealand. Another fact 
Avhich no doubt has led to the same oversight Avas the original dis- 
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oovory oi‘ the plant at tlie Auckland Islands, hence the tendency to 
overlook its existence in New Zealand. 

The plant does not usually adhere firmly to paper or discharge 
its colour, as stated, by Montague, unless it is slightly decayed. 
Agardh points out that he himself has not seen the small tufted orbi- 
cular, purple violet fronds described and depicted by Montague,* 
but suggests quite correctly that the form and magnitude may vary. 

The chief error in Agardh s description is his statement that the 
frond is two-layered (distroiiiatic). It seems probable from his 
figures that his error lias been due to his making of a section through 
the reproductive portion of the frond. (Tab. 11, fig. 65, t and 66 
loc. cii.). These figures certainly suggest a section through the cysto- 
carpic portion of the I'rond. The marked division between the ujiper 
and low(T layer is the first i*eproductive division in the (*ystocarp, 
which remains p(‘rinanent and well marked throughout subsequent 
changes. 

Species of Porpliyra that are distromatic are placed by De Toni 
(1890) Syll. IV. |). 20 in the genus WiMcma7na\ and in this he has 
been followed by a (‘(‘w algologists, but many do not recognize the 
distinction. However, 1 have not as yet found any distromatic specit^s 
of Porpliyra in New Zealand. 

Having thus, as far as I can. cleared u]:) the (‘hief points of diffi- 
culty in nomenclature, i1 remains now to give a mor(‘ detailed account 
and description of P. cohimhma Mont. 

The ThaUus.- -The iilant grows from a small tlesliy umbilical disc 
a mm. or two in diameter; and ghes rise to a number of long linear 
fronds witli undulate (*risped and folded margins, entire and slightly 
lobed (Fig, l).t The outer ends of the fronds are soon worn or torn 
off, and the fronds ex]>and in breadth, so that we get a number of 
broad tufted, often folded fronds of somewhat irregular shape. 
These are usually much broader than high, so that the whole plant 
Avhen pressed flat upon jiaper becomes approximately circular in out- 
line, and is 10 cm. — 20 cm. across (Fig. 2). In this form it is common 
in sj)]'ing and early summer on rocks from high to about half-tide 
marks. It is not found in pools. As it grows older it may lengthen 
somewhat, and ])ecome more irregularly cut and lobed (Fig. 8), and 
assume a greater vai*iety of shapes. The maj-gin is usually erose or 
entire, but sometimes bears short blunt protuberances, simply forked, 
or papilliform. The long, narrow linear forms are to be found (near 
Phristchurch) in August and September, along with a few of the 
j>revious year's j)lants, which usually occur near high-water mark, 
where they have been subjected less to the violence of the waves. 
The plant is, when fresh, olive-brown to green with reddish-brown 
margins in the sporocar])ic area. It has less of the tan colour than 
is to bo seen in P. nmbilicalis var. Novae Zelandiae, but is similar to 
it in general appearance, with, however, a more crisped and irregular 
margin. 

♦ I collected mature plants exactly corresponding to Montague's descrip- 
tion at Moeraki in May, 1926. 

tThe photographs and micro-photographs are by Mr. C. M. Gray. 


n 
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111 «nioothor 'water and in suitable iiositious, e.g., 'where 
jK'ndont from an overhanging rook and swayed by tlie tide, 
it may grow to a considerable length nnd become fairly 
regularly oblong. Occasionally through being torn, it may 
become somewhat laciiiiate; but this is not its characteristic 
form, as it is that of the following species l\ umbilicalis var. 
Novae Zdayidiac, In quiet waters, suoli as those of a river estuary, 
it may reach 70—80 cm. in length, with a lireadth of 30 cm. — 10 cm. 
As it gi'ows older and starts to decay, the olive green liecoiiies more 
pronounced, the brown fades out, and after passing through a dirty 
sherry colour, it becomes green enough to be mistaken for a decaying 
niva. It is at certain stages very similar to P, umhilicaks lar. Novae 
Zelandiac in appoaranci', and on the rocks can ol'teii scarcely lie <]is- 
tinguished from it. Both in masses are dark browm-blaek, but lliere 
is usually more green in P. lolnmhina than in P. umbilicalis ^ar. 
Novae Zelandiac, ^Vlum dried and kept in a herliarium L’or a few 
months, it changes to 'vandike brown, ])asses tlirough a ])ort-wine 
shade to a plum colour, or e\cn to a lilac shade. It 'was tliis last 
shade that impi*essed Montague and led to its specific name. I iilbr- 
tunately, neither Agardh nor Montague ever saw the jdant groiMng, 
and so their descri])tions of the colour must lie taken to apply to the 
dead plant. The tluillus is briglihu- and reddei* tow%'irds the margin 
where there are masses of c\ sto(*ari)s, and a dirt\ white when there 
are patches of antheridia. But even in a herliariuin speeinien one 
may find in the vegetative portion abrntit changes of colour from a dull 
yellow or brown to a purple, without apparently an\ change 'whatever 
ill structure. Tliis (‘liange does not, as it iLsuall> does in P. umbilicalis 
YhY. Novae Zrlanduti, indieate an> ])assagt‘ Troin one member ot a 
commensal ])aii* to another. It is possildy due to varying amounts of 
moisture in different parts of the frond. 

As it lies on the rooks, the thallus often bccomCvS i:)crf()rat('d ; and 
as it becomes older, duller in colour, passing through a miinher of 
colours, until it reaches the dirty olive-green already reft'rred to. It 
may be found at all seasons of the year from high-tide down to half- 
tide. It requires exposure to the air, hut after a hot, di’.\ suinim*r it 
largely disappears from the rocks and either eaunot l)e found at all, 
or only under overhanging faces. From September to January it 
may usually be found in immense masses eovering the boulders and 
ledges, providing very iiivsocurc foothold for the vvalkiT, and consti- 
tuting the chief vegetation of the area. 

Structure . — At the base, wliieh is often ])aler than the rest of the 
plant, occur the typical rhizines, which closely coinpactcl form the 
disc, consisting of the massed liyphal ends of the lower ecdls of the 
fronds. The disc is often more or less umbilical. The vegetative 
cells are usually highly characteristic, and generally cjialdc the species 
to be determined from, a patch of frond a few millimetres in area ; 
but the shape and size of the cells and breadth of the surrounding 
gelatine vary considerably with the age of the plant, the position of 
the area relative to the base, the distjmcc from the margin, and other 
conditions. As seen from the surface the irregularly-shaped endo- 
chrome fills nearly the whole of the lumen and shows, when fresh, an 
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averaj^c len^tli of 20 mmm.— 30 mmin., and breadth 12 mmm. — 25 
iiiinin. Between adjacent cliloropasts the j;elati]ie may be 5 mmm. — 
10 mmm. in l)readth, but in some parts of the frond is greater or less. 
Occasional cells of much larger dimensions may be found. The shape 
of the colls varies much. When young they arc often found in pairs, 
each cell being an oval, flattened on one side with its flat side towards 
its sLster cell, l)ut as they grow older the shape becomes more 
irregular, until they become oval, oblong, pyriform, triangular and 
even nearly square (Fig. 4). The distance between adjacent pairs 
becomes h^ss, owing to the separation of the sister cells. Towards the 
margin the.\'^ ])ecome slightly rounder, larger, and looser. The cell- 
wall at first angular, 4 — 6 sided, owing to pressure, becomes after- 
wards rounder and more curved, and finally is invisible in the gela- 
tine. In old and decaying sjjecimens the mucilaginous interspaces 
l)ecomc wider, and may amount to several times the diameter of the 
ondoclirome. llow^evc]’, the apparent width of the hyaline margin 
<lepcnds much OJi the method of preparation, being less in fresh 
material than in that which has been mounted in glycerine For some' 
time. 

Tow^ards the base the cells arc usually more angled than elsewdierc, 
and the breadth of the gelatine seen from above becomes again com- 
])aratively small. 

The thickness of the thallus when measured through a vegetative 
])ortion near the margin is 45 mmm. — 60 mmm. ; but it becomes much 
thicker in the cystocarpic i)ortions. In section, the vegetative cells in 
the centre of the thallus are usua% regularly rectangular, and often 
slightly concave on the shorter sides, 10 mrnni. — 25 mmm. in length, 
tlic thickness of course varying considerably with the method of pre- 
l)aration. Though usually I’ectangular and about half as long as broad 
the shape of the cells varies in different parts of the same specimen, 
being at times nearly square, or irregularly contracted in places. 

Towards the margin of the frond in the cystocarpic area, the cells 
are usually oval in section, or sometimes convex on one side and flat on 
the other. The measui’ements given arc only to be used with eireuin- 
spection, as those of the gelatine in i)articu]ar deptmd to a consider- 
able extent on the method of preparation, stat^', and ago of the speci- 
men; but nowhere after examining many specimens from many 
localities, have I found a distromatic frond. 

This species is sometimes parasitized by an Eryfhrocladia, whicli 
is p(?i’liaps the same species as that found in P. umhUicalis var. 
Novae Zelandiac to be described more fully later. The cells of the 
parasite are so like those of the Porpliyra that it is generally quite 
impossible to distinguish them except in fresh specimens. Invagina- 
tion takes place after the fashion subsequently described in Erythro- 
cladia msiynis; and I have oven seen the eystocfirps of the PorpJiyra 
apparently linked up by the processes of the Eryihocladia. A process 
failing to penetrate an adjacent cell may be lengthened until it is 
200 mmm. or more long, though only 5 mmm. or less in breadth. The 
species of Erythocladia parasitic in P. columhina presents certain 
minor differences from E. instgnis; but so far I have seen nothing 
sufficiently distinctive to justifj^ giving it a fresh name, and for the 
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l^reseiil tlie two rornis must be regarded as identical. P. colmnbina 
is only occasionally parasitized, and tlieii only in a small poi’tioii near 
the margin of the frond. 

Reproduction . — The eystoearps and antheridia are scattered 
round tlie edges of the frond, and generally occupy an area of 1 cm. 
— 2 em. in breadth; but in older fronds the eystoearps may be found 
right across the surface of the frond, being much more iiumerous 
towards the margin. The antheridia chiefly occupy the marginal 
area for a depth of several mm. but ii'regularly-shapcd antheridial 
patches arc sometimes to be found in the cystocarpic regions. Quit(‘ 
young plants are fertile, and reproductive organs may be found at 
all times of the year. 

Mature eystoearps as seen fi*oni the surface are Tf) mmm. — 100 
mmm. in length and about half that in breadth, in section they are 
about 100 mmm. with a varying thickness of gelatine on each side 
depending on the method of pre])aration. The\ arc broadly oval in 
shape and usually contain about 32 surface di\’isions, l)nt this niunber 
may be doulih^l, perha])S owing to the coalescence of two adjacent 
(}stocarps — usuall.> the> are 8 divisions deep — thus giving rise in 
some cases to as many as 512 carpospores in one c>stocarp. As they 
become older tlun become more nearly circular in horizontal section, 
and the contents are liiially aggregated without order; occasionally 
very large cystocari)S are to be seen in which it is impossible to count 
the number of spores (Figs. G, 7.) 

Th<‘ eystoearps art' usually scattej’od, ])Ut sometimes clostfly 
appimsed side to side, so as to form patches. The first divisions are 
cruciate, and remain distinct until the carj)Ospor(‘s are almost mature. 
Other dh isions are irregular, and are frequently more or less diagonal 
when seen in section. In addition to the ^)rdinar\ \egetative cells, 
much larger and often colourless cells are inter-mixed with the cysto- 
carps. These may be exhausted eystoearps. 

The antheridial patches are quite irregular in shape; but often 
rim the margins for a depth of two or three mm. from the surface in 
the cywStocar])ic region and with a length of several cms. They are 
colourless and do not enclose vegetative cells, though an occasional 
cystocarp is met with amongst them. They often appear as irregular 
enclaves in the cystocarpic region. The antheridium at first divides 
into a tetrad, then subdivides forming a pair of tetrads, and in some 
cases four tetrads are formed, thus gi^ing 16 surface divisions. The 
number of tiers is usually eight; thus giving a 1otal number of 128 
antherozoids ; but fewer divisions parallel to the surface may some- 
times be found. (Fig. 5.) 

P. nohilis, a synonym for P. cohmbina. 

Having given a fairly full description of P. cohouhina, I shall 
now endeavour to show^ that J. 6. Agardh s P. nobilis, is only a 
synonym for P. columhina. His description is ais follows (J. Ag. 
3882, p. 62) 

P, nobilis (J. Ag. mscr.) rupieola membranacea sub-lilacino 
purpurascens pluri-pollicaris, fronde sensim infeine umbilicata, 
supeme laciniata undulata monostroma tica, endochromatibus demum 
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quateriiatis, qimdrigominis iiiviccm adproximatis, tetradibus limbo 
latiore hyaliijo diaiiietruin eiidoehromatis aeqiiantc a proxiiuis bepara- 
tis, parictibus cellularum vicinaruin pressioiie mutua aiigulatib ad- 
moduiiL coiispicmis, sporidiis inordinatis pluriiiiis glomcrulos vertica- 
litor ovales L'orniantibus. 

In comparing this with his description of 1\ tohimbina it will be 
seen that the points of difference are the following 


P. columbina, 

(1) Distromatic. 

(2) (’'olour, ‘'ex lurido violacoa’' 

(o) AVidth of; gelatine. 

‘*1(4radibiis limbo latiore ipso- 
rum (liamctrnm conspicue 
snporante a proximis sepa- 
ratis. ’ ’ 

<4) CeJl wall (not described). 


P, nobilis, 
Alonostroinatie. 

“ Snb-lilaeuio pnrpuras(*ens. " 

(3) 'Hetradibus limbo latiore 
hyalino diametruin eiidochro- 
matis aequante a proximis sepa- 
ratis.” 

(4) Parietibns cellularum vici- 
narum i^ressione mutua angii 
latis admodum conspicuis. 


Xow 1 have dealt with all these points in my description of P, 
tolambina. However, I should perhaps show here that none of them 
is distinctive. 

(1) P, columbina — if properly identified by me, is inonostroiiiatic 
and in this docs not differ from P, nobilis J. Ag. 

(2) The colour of a Porphyra generally Aaries so much accord- 
ing to age, state, habitat, etc., that it cannot usually l)e employed a^ a 
specific determinant, except cautiously in eon junction with other 
characteristics. Some forms of P. columbina arc on drying lilac, 
others pass through purple to dark red and brown. 1 cannot find any 
colour strains sufficiently distinct to separat(‘ P. nobilis from P. colum- 
bina. 

(3) The width ot the gelatine surrounding the cells. This varies 
much, but particularly with the ])ortion of the frond from wliicli the 
area examined is taken and the age. There is little intcj'spcrsed gela- 
tine near the centre of the frond or towards the base. There is much 
more in old fronds and towards the margin. The character is quite 
insufficient to enalilc one to found a specific distinction on it. 

(4) The angularity of the cells and the distinctness of the cell- 
wall. These also vary much. The angularity of the cells in the repro- 
ductive area is often ])ronounccd and the cell-walls distinct. Their 
(‘haracter also depend on the method of preparation of the frond, 
and the distinction made by eT. Agardh is too slight to be of \irtue 
for discrimination. 

I consider then that P. nobilis J. Ag. U only a state of P. colum- 
bina, and therefore P. nobilis J. Ag. must in future be regarded as a 
synonym for P. columbina Mont. I have, through the kindness of Dr. 
Kylin of Lund, received two microscope slides from specimens identi- 
fied by J. Agardli as P. nobilis and P. columbina \ and though these 


" For further discussion of colour see under P. suhtumms. 
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slides do to sonic extent slio^v the differences insisted n])on by Agardli 
between the two species, I think as above shown that belli slides 
j’cpresent only different slates of the same species. 

Since writing the above, I have received from J)i*. G, Tltimel, of 
Paris, to whom 1 sent specimens of our New Zealand Porphyras, a 
letter under date 26th August, 1927, which further confirms niy view 
of tlu' identity of the two species. A portion of the letter I quote: — 
Les petits echaiitillons (P. nobilis No. 1980) correspond bien an 
type (in F. cohinibina Mont. Je crois come vous que le grand 
echantillon (P. nobilis, No. 1952) n’est qu’iine forme de la mcme 
espece. J’apjielh' le tout P. cohmbhui Mont.; pc^nse que le P. 
K until iana Kutz n'en est jias different. Vous troim^rez uiie bonne 
descri]>tion de cette dernifuT espece dans Howe Mar. Alg. of Peru. 
Les cluiracteristiques sont grand epaisseiir de la fronde, orgaiies 
sexuels eu jdagi's melangees, spores et s])ermaties nombreuses, cellules 
vegetal i\es ])7*esqne carrees. 

As to the identity of P, columhina Mont, with P. Kunihiamt 
Kiitz, 1 (*an offer no opinion as I have no specinnm of P. Knnfliiana, 
nor ha\e T access to Marshall A. ITowe's A\ork on the Marine Algae 
of Peru, so that the matter must be here* left in abeyance. However, 
1 have included P. KHnlliiana with a (?^ amonust the synonyms. 

LoiaJitiis. — Antipodes (PockayiieM Pampliell Island, Aucklands, 
.Snaivs, Dunedin (Lawyer Head, Black Head, Hoopers Inlet, etc.), 
.Moerahi, Lyttelton (Sumner, TaAlors Mistake, Governors Ra>, etc.), 
(lore P>ay, Knikonra, Wellington (Lyall Bay. Mahanga Bay, Well- 
ington Heads, etc.). The northernmost points from M'hich T have 
noted speeinvms is Mongonui. The plant is no doubt abundant in 
suitable loealiti(‘s all along the New Zealand coasts: lint so far does 
not a])pear to have been identified outside New Zealand, unless it is 
identical with tlv' South \)n(‘rieau P. K itnfliiann. 

Porphyra subtumens (J. Ag.) Lg. 

This is a very distinct little species abundant on DTrv^llca 
anfarriica at certain seasons of the year. Many ;\ears ago I sent 
s])eeimens of it to J. Agardh at Lund, who returned it under the 
mune of Porphyra subiumrns, under which name I recorded it (1902), 
]>. 358 No. 389. .Xpparently the species has never been described, so 
Porphyra subinnicns still remains a nomui nndum. 


Porphyra subtunians (J. Ag.) Lg. 

Species Porphyrae monostroinatica, monoica, endoehroma, ali- 
fiuando sensiin granulata in Dllrvillea aniarrfica insidens, basi 
incolorata, cuneata, thallo expanse, rotundato, lobato, 10 cm. — 15 cm, 
longo et Into, crassitudine 25 mmm. — 35 mmm. Margine crispata, 
irregulariter lobata dentata(|ue, eellulis irregulariter ovalibus, 20mmm. 
—30 mmm. longis, 15 mmm.— 20 mmm. latis, cystocarpis a facie visis 
ouaternis saepissime divisis, et in quattuor stratis dispositis, antheri- 
diis a facie visis sedecim in quattuor vel raro in octo stratis dispositis. 
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( h.Ni:R \h Description. 

As I liavo recognised the sjiecific name subtamcns in my lists, 
lliougli hitherto only a nomcn nudum, 1 presume I must continue to 
use it However, T have no idea why Agardh applied the name to 
this plant. I can find nothing to suggest it, unless that the plant is 
apt to swell uf) and disintegrate when placed in various mounting 
fluids. 

The Thallus. — The idaiit is epiphytic or possibly parasitic on 
D'Urvillea anlarclica Cham. 1 have not so Tar been able to trace any 
further connection between the two species than the Jact that the 
J^orphyra ])uts out rhizines oC the typo normal to the genus, which 
penetrate into the thallus of the D^lJrvillca. Whether they act as 
haustoria, 1 do not know. There is no apparent reason why the plant 
should not nourish itself. 

The smallest plant examined was 2 — mm. across, rounded in 
shape, and slightly stii)itate, and consisted chiefly of rhizine emitting 
(*ells. The l)ase is colourless and euneatc. Older plants are expanded 
into a thallus, which is irregularly lobed and toothed, and grows up 
to 12 cm. and 15 cm. in length and breadth. It is usually more or 
les« rotundate in outline. It dries to a bright pink puce or red colour 
and adheres closely to paper, becoming much wrinkled in the process. 
In the fresh specimens the colour is similar to that of the dried, but 
not so bright as it later liecomes. It is thend'orc quite ri'adily distin- 
guished from the other New Zealand species by coloui* alone, it is 
a transient summer-growing T)lant being found chiefly in the months 
October to March, and so far as I am aware not to be found at all in 
the winter months. (Fig. 8.) 

Minnie Stnicturc. — The frond is monostromatic, and tenuous, 
50 mmm. — 75 mmm. in thickness in a glycerine mount; but only about 
half that thickness in a balsam mount, where there is no swelling of 
the gelatine. In section the cells are usually oval, but vary consider- 
ably, being sometimes s(iuare, sometimes twice as high as broad, 
round, and of other forms. They are Prom 20 mmm. — 25 mmm. in 
height, with a varying amount of gelatine on each side, so that the 
w'hole section may be not more than 30 mmm. — 35 mmm. in thickness. 
The endochrome fills the whole lumen of the cell, and sometimes but 
not always appear granular. It is unlikely, however, that this is the 
case, and the aj)t)arent granulation may be due to projections or 
irregularities on the surface of the chromatophore. The cells seen 
from the surface are irregularly rectangular-oval or rotundate about 
12 mrnm. — 18 mmm. in length and breadth. (Fig. 9.) 

Reprodnefion, — The plant is monoecious, and the greater portion 
of the frond becomes reproductive. The antheridia are 25 mmm. — 30 
mmm. in length and rather less in width with a maximum of 16 
surface divisions, and eight layers deep. It would seem probable that 
the divisions of each tier at right angles to the frond takes place suc- 
cessively, and the spermatia in the first layer escape before tlie second 
layer is subdivided. At least the antheridia, when seen from the side, 
show only the eight divisions parallel to the surface of the frond, 
and not those at right angles to it. (Fig. 10.) 
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The ej^stoearps are rather larger than the antheridia, and show 
4 to 8 surface divisions, and usually 4 in depth, thus giving 16 or 32 
earposporcs. They show the same characteristic as the antheridia, 
i.e., at first only the surface layer is divided at right angles to the 
frond, the three remaining tiers when seen from the side appearing 
undivided. (Fig. 11.) 

With regard to this species l)v. Haind writes 26th August, ]927, 
in fi letter from which 1 take the liberty ol* quoting. “ Je erois qiie 
ce que vous appelez P. siihtumens est le veritable P. nohilis J. Ag. 
void ee que J ’em dis dans inon article [an article to be shortly pul)- 
lished.] 

“ Bien quo eT. Agardh dise quo son P. nohilis est rupicole, un 
eehantillon conserve dans rherbi(*r Thuret (Algae Muellerianae, 
curante J. Agardh, distributae) et provenant du cap Saunders, N(‘w 
Zealand, est epi])hyte. (Tn a foot note, ‘‘ epiphyte sur un Schizy- 
mcnuP\) ("online rindique d. Agardh, la coulcuir de ecdte 
espece rapclle celle du P, miniala; elle est cependant d^in rouge 
\ineux uii ])lus foin^e et plus teime. Tjos echantiilons out de 3 a 3 
cm.; deux de'entre eiix sont orbiculaires, a marge assez fortement 
plissees, ie troisieine, qui est epi])hyte, est plus allonge et tres 
iuiroule en spirale. 

Le tissu assez serre (‘st rorine de (cellules arrondies d'environ 10 
ainnn. de diamotro c't la IVonde montre uno epaissour de 30 a 45 
inmin. Echantiilons sterilcs.’’ T ^^ollld like to submit a few com- 
ments on the above. Now 1 think I have gi\en sufficimit reason 
already for regarding P. nohilis as a synonym for P. cohnnhina, and T 
can see no resemblances in the above dcscri]>tion to P. cohnnhina. 
(Consequently 1 cannot think that Dr. Haiird is right in ('onsidering 
his spocMiiiens from ("ape Saunders to be Agardh *s P. nohili<i. The 
deseription on the whole, however, corresponds well with my P. 
suhtnmens. The small cells, the thin tissue and the colour certainly 
sugg(‘st this. Against it is the fact that one at least of the s])eciinens 
was found growing on a Schizymniia. Now one A\()u]d certainly 
expect to tind P. smhUoJuns on the D’Vrvilha at Tape Saunders, but 
T liaAc not seen it on Schizymniia, and its occurrence on species of 
this g(‘nus must be rare. 

1 lane a .specimen of P. miniala from (Trcenlaiid nhicli exactly 
matclies in colour some young ])lants of P. sabhniun^ from Akatore, 
end tlie ordinary colour of dried specimens of P. suhfvmens might 
well 1)'' described as un rouge \ineux un })eu plus fonce et ])lus 
lerne. It seems, too, ])robable that Agardh has at one time (1882) 
confused the two species P. snhfumnis and J\ nohilis ( = P. colam- 
hina) ; it was some a ears later (1900) wlien he named my sf)ecimens 
as P. sahfimcns, and probably up to that time he had placed his sj)eci- 
mers of P. suhivm( 7 is with those of P. nohilis, and had not submitted 
them to any close examination. There can be no doubt that the plant 
defined for me by J. Agai’dh as P. svhtumcns is the e])iphyte on 
DUrvillra, and that P. nohilis J. Ag. agrees in all roH])ects with P. 

( ohnnhina Mont. ex("'pt in colour. The confusion in colour no doubt 
resulted from the fact that Agardh had mingled the two species in 
his herbarium, ("ertainly the fragment of P. nohilis Ag. sent mo by 
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Kyliit is P, colamlina, not P, suhiumcns, so 1 think P, subtiimens 
must stand, and P. nobiUs remain a synonym ol* P. columbina. 

Localiiies. — Stewart Island, Akatorc (Otago), near Dunedin 
(various localities), near Christ church (various localities), Gore Bay, 
doubtless common wherever JPUrvillea occurs as far North as 
(lore Bay. Found oidy in summer and autumn, a transient species. 

Erythrocladia (?)-Pcrphyra, A (^asc oL* antagonistic commensalism. 

Kosenvinge (1909) p. 71 established a new genus of parasitic 
liangialcs under llie name Enjllirocladia and described two species, 
E. irregularis and E, snhiniegra, found in plants of Pohjsiphonia 
urceolata, Jtosenvingc \s doscilption of the genus is as follows: — 

Thallus liorizontalitcr exj)ansus, e filis raniosis, aliis algis adfixis 
radial im cgregientil)us, initio inter se diserctis dcinde in discum 
Icnuem uuistratosuin conflucnti])us constans. Creseentia filoruin 
apioalis. Sporangia (‘odem modo ac in gemere Erythrotrichia in 
ccllulis intercalaril)ns \el rarius termiiialil)us gignuntur. Generatio 
sexualis adhuc ignota. 

Now lliero is gj'owing in and with a common species of New 
Zealand Porphyra a ])Lint which presents most, if not all, of the 
characteristics of this genus, and which for tlie present at least may 
])e placed in it. When the sexual forms of the Euroi)can species of 
Erifilirocladia are discovered, it may of course be found that the New 
Zealand and European plants ar'‘ quite different. I propo'^ to call 
the Porphyra associated with it in New Zealand P. umhilicalis var 
Novae Zchlandiae, as though approaching such forms as P. laciniaia, 
and P. perforata of the Northern Hemisphere it appears to be suffi- 
ciently distinct; and it is certainly much safer in su^i doubtful cases 
as past experience has abundantly showm to regard the local form as 
diiferent. The Erythrocladia J propose to name E, insignis. In 
certain of its forms it is similar in construction to E. irregularis of 
Kosenvinge, but displays a much wdder range of structure than the 
latter, so far as at iircsent knowm. The following is a condens'd 
description of E. irregularis as given l>y Rosenvinge. The plant foi’ins 
irregular spots of up to 100 mmin. in diameter on the surface of 1h(‘ 
host jilaiit. It consists at first of branched filaments whose branches 
are mutually entirely separate. The iirimary filament grows out in 
1w^o opposite directions, and gives off branches at both sides. These 
branches grow out and branch further, and in the more devcloiied 
plant the filaments arc therefore radiating in all directions in the 
horizontal plane, and the filaments are then more or loss fused 
together in the central part of the frond. The filaments show apical 
growth, and transverse walls appear only in the terminal cells. The 
branches usually arise in the sub-terminal cells, sometimes also in 
(*ells nearer the centre of the frond, but the terminal cell is only very 
seldom ramified. The sporangia are cut off in the ordinary vegetative 
cells, in a similar manner as in the genus Erythrotrichia, by a more 
or less oblique curved wall (Rosenvinge 1909, p. 72 and 73). Now 
a description of the New Zealand compound plant will enable a com- 
])arison to be made. Plants were collected in all stages at Timaru on 
August 21st, 1927. The smallest consisted of discs 3 mm. — 5 mm. 
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Plate 2 



Photo ( M (Jiay 

Tig d-^Porphyta cohmhinu Mont Small poition of old plant, from Heath 
cote Estuary 
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Plate 3. 










photo, C. M. Gray. 


Fig. 11,—Porphyru suhtunKna 
Cystocarps (x 300). 
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Plate 7. 



Vhoio, O M Gray 

Pig. 12 — PotpUyiii umh%lxcali6 with Etythwtladta %nstgnis. Portion of bioad 
fornip Tiniaiu, September 1927. 
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Plate 10. 



P^Kj. \%.-~l*(>rph}iru umbihrolhs var. homr ZrJaudiar. Older \egetative por- 
tion with little gelatine, \ 120. 



Photo, C. M. Gray. 

Pig. 17. Porphpra umbilivuliti var. Novae ZelandHac, Mature cystocarps, 

X 200. 
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Pirate 12 



J ir 10 — Ln/thi o( nisu/nis ln\a^,mdtion A Iriisp will shew in\a^iiia 
tion toOin^; on m the aita sunounded by the uhoiebccnces, \ 70 



Photo, i M Gtay 

Fig 20 — Lnjthtodadia imujtm* Cell clusteis, buuounded by diboiescences, 
X 75 
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Plate 13. 




Photo, CM (liny 

Ffft. 22.— Cells of EnjtJi rocladna twAtf/ntA streaming into an area, already 
occupied by Porphi/ra, The smaller darker cells are those of 
En/fhrocl(idta, the larger paler ones are those of P, umhilicalts, 
var. J^ovae Zelandnie, \ 150, 
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Plate 14. 



Tk. 2Z—IJn/1hKjcUi(U<hPoilt1i '/(/, 8i>inulf>M‘ uuumn, \ 75 



< 1 / (tmv 

Fio --En/ihH)(la(ii(hl*uiphv)a, eioae maigin, x 100. 
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Plate 15. 



Fig. 25. — E} ifUn ucladia uisunns Typical poition ut the tliallus, without 
iniaftinaliona (\ 125). 



Plmfo, C If Qiay 

Fig. 26. — ErytlirovJad^ia w.sujnis. Cystocarps (?) (x 150). 
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across, the longest measured was over a metre in length. A descrip- 
tion of one of the smallest plants will probably render what follows 
more intelligible. It formed a small dark-brown thallus some six mm. 
across. When found it was growing in a crevice in a boulder of 
doleritic rock on the north mole at Timaru near high-water 
mark. It was mounted fresh in sea water and examined. The thallus 
was approximately reniform with a deep sinus at the baise, and con- 
sisted of two distinct tyi)es of cells, those of the Porphyra a pale 
yellow-brown, almost tan-coloured, and those of the presumed 
Eryfhrocladia dark purple found in minute perforations in the thallus 
and also in the substance of the frond, sometimes 'solitary, or at the 
extreme base mingled in large numbers with those of the Porphyra, 
7t may of course be argued that the purple and the brown cells repre- 
sent different phases in the growth of the cell in one species. 

I shall discuss this possibility briefly and gi\e the arguments pro 
and con. In favour of this hypothesis are the following facts: (1) 
Tn P. cohimhina, as we have already seen (p. 41), there is often 
an abrupt transition in colour from one portion of the thallus to 
another without however any difference in form, structure, or size of 
the cells. (2) Even in the i)lant we are describing such colour- 
changes occur, without any other apj)arent specific differences, or 
often with slight differences only (a). Thus I have observed similar 
colour-changes appear in the cystocarps, adjacent groups being tan 
and dull purple, but as I could trace no difference in construction, I 
concluded that all the cystO(»arps belonged to one plant and to one 
species, and (b) the browm cells undoubtedly do turn jmrple with 
drying, and also under other conditions, and (e) in other partis of 
th(‘ frond there are abrupt colour-transitions with only small changes 
in the size of the cells and the amount of gelatine surrounding them, 
though here we have probably to do only with cells of the sam(^ 
species in different stages of gi’owth. These facts might seem to show 
that w(' are dealing with a single species, which chameleon-like 
changt‘s its colours with its habits. Obviously col our- contrasts with- 
(uit differences in structure are here valueless for taxonomic purposes. 

But, on the other hand, in other parts of the plant we find the 
same eolour-changos correlated with such wide differences in structure, 
form and size, that wc can no longer regard the different groups of 
cells as belonging to the same species, and here the colour seems to 
be of taxonoinie value. Assuming, for the sake of convenient descrip- 
tion, that the purple cells as a rule belong to Erythrocladia and the 
brown ones to Porphyra, the following differences are seen to be 
correlated with the colour: (1) The Erijihrocladia cells are much 
more rounded, and girt by wider interspaces of gelatine than those 
of the Porphyra, Often the differences in form are very marked. 
The cells of the Porphyra are usually irregularly rectangular (Pigs. 
If), 16) 20 mmm.— 30 mmm. in length and fit closely together with very 
little mucilage. Those of the Erythrocladia, as seen from above, are 
usually rather smaller in size, oval or with rounded angles, but som(> 
times owing to compression they become very irregular in shape, and 
then they may become triangular, pyriform or even crescent shaped 
(Pig. 25). Solitary intrusive cells of the Erythrocladia, often much 
narrower and linear, are frequently to be seen wedged in between the 
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cells ol‘ the Porphyra, and strewn through the thallus (Fi^. 22). 
(2) The strange invagination proces>s and the accompanying develop- 
ments never take place amongst the llrown cells. At times one of 
the processes, however, may penetrate a l)rown cell, or in some way 
a brown cell comes under the influence of a neighbouring group of 
j)urple cells; it then changes colour through pink to purple, and 
behaves to all intents and purposes as one of the Erythrocladia group. 
Commonly, however, invagination lakes place only between puri)le 
and purple, and not between brown and brown. It is therefoi'o to 
be regarded as a structure belonging to the Erythrocladia and not to 
Porphyra. (3) The purple cells are usually associated with a spinu- 
iose margin, and the Porphyra with an erose or entire margin. (4) 
There may be seen cut off from purple cells, others which have all 
the appearance of gonidia as described by Tloscnvingc for Eryfhro- 
(India, (b") Associated with the Porphyra type of cells are cystocarps, 
antheridia and gonidia vhich appear to correspond exactly with those 
described for Porphyra umhilicalis. (6) If it be argued that the 
l)urple and brown cells represent different stages in one «pecies, th(‘ 
purple being the younger and therefore the smaller, one would expect 
in such a case to find cells in transition between the two groups: ])Ul 
these are not to be found. No purple cells so far as I have observed 
ever turn brown, but brown cells, under the influence of a pni’plc 
group may be seen changing colour, there it appears to be i\ot a 
normal but an abnormal change. (7) The process of invasion of the 
Porphyra area by the Erythroi India can often be clearly followed. 
Streams of Erythrocladia cells penetrate the area occupied by the 
typical cells of Porphyra, surround them, and form a network about 
them The Porphyra cells turn pink and apparently shortly disappear 
(Fig. 22). In this case there is no invagination, the invaginat- 
ing cells usually being found in open areas in the Porphyra thallus, 
or in areas already taken possession of by the Erythrocladia. 

Taking all these facts into consideration, I am at present of the 
opinion that wc have here to do with a case of antagonistic (*ommen- 
isalism, in which an Erythrocladia is closely united with a Porphyra. 

It is true that as long as I was working with dried specimens, 
I hesitated to come to this conclusion; but it was the examination 
of fresh specimens with their remarkable colour-contrasts that led me 
to arrive at it ; and it is on the assumption that the purple cells arc 
Ihose of Erythrocladia, unless otherwise indicated, and the brown 
cells in fresh specimens are always those' of Porphyra, that I now 
proceed with the description of the specimens obtained at Timani. 
Doubtless this conclusion may not always be accurate, for as wc have 
already seen the cells of P. umhilicalis var. Novae Zelandiac sometimes 
are red, but in the main it is a sufficient guide for the descrir)tion 
now to be given. 

In the small specimen described there were already scores of 
isolated cells of Erthyrocladia, and at least a dozen patches with 10 
— 20 or more cells, and in addition a large patch round the sinus at 
the base emitling rhizines similar to those of the Porphyra (Fig. 14). 
Indeed, the attachment disc consisted rather of Erythrocladia than 
of Porphyra. I do not know which constituted the original plant; 
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but as the Erythrocladia is elsewhere knoA\ n as a parasite or epiphj^tc, 
it seems bettor to speak here as if we were dealing with a case oE 
invasion of the Porphyra by the Erythrocladia, and to regard Iho 
thallus as the product of a conjunctive or antagonistic symbio/^is ; for 
certainly the Erythrocladia seems to displace the Porphyra. At the 
base the Porphyra cells are Larger than elsewhere, and often (*ontain 
when fresh a green colouring matter ( ? chlorophyll undisguised) 
and as usual a large white pyrenoid (Fig. 14). The Erythrocladia 
has its usual cells of dark purple. The Porphyra cells arc here 15 
mmm. — 30 mmm. long, provided with i*hizines, and are separated Eroiu 
the adjacent cells by gelatine 1.5 mmm. — 2.5 mmm. in breadth. The 
average breadth of the cells is 10 mmm. — 25 mmm. The colls of the 
X)arasite arc 10 mmm. — 25 mmm. in length, and 10 mmm. — 15 mmm. 
in breadth. (A note should ijerhaps be inserted, that these arc the 
dimensions as measured in frosh specimens mounted in sea-water. 
These seem to me to be th(‘ only correct dimensions. If mounted in a 
medium containing glycerine, the jelly in particular becomes much 
swollen, and the cell-dimensions somewhat increased. If passed 
through alcohol and xylol mixtures as for sectioning, the dimensions, 
[)articular]y that of the jelly, are much reduced. (Consequently, in 
this paper the dimensions given are always where possible those oE 
the fresh specimens mounted in sea-water.) 

The margin of the Erythrocladia is irn^gularly microscopically 
spinulose (Fig. 23) ; and the terminal cell in a spinule is triangular. 
The margin of the Porphyra is cithci* completely entire, or slightly 
erose and iiTcgularly liitteii with minute rounded lobes owing to 
the action of weather and waves (Fig. 24). I have found it with 
the cells adjacent exactly match a specimen of umbilicalis var. 
Inciniaia eolleeted in Halifax Harbour, Nova Scotia, by the well- 
linown American algologist Marshall A. Howe. Indeed, 1 could find 
no point of distinction between them; but in our specimens cells of 
eitluT Porphyra or Erfhyrodadia may be found in either type of 
margin ; nor does it ax)pear to be necessarily the oa<se in such examples 
that when the Porphyra occurs with a spinulose margin, it has always 
displaced Eridhrocladia, or when Erythrocladia appears with an 
entire margin, it has necessarily disx)]aced Porphyra as might be 
assumed to he the ease. Nev(‘rtlieless the Porphyra ty])e of cell is 
usually associated with the entire or erose margin, and the Evylhro^ 
(ladia\yini the siiinulosc margin; and the replacement of one form 
by the other obviously must frequently take place; thus we may find 
an invading oval cell in the spinule, which has I’cplaoed the normal 
triangular one. A further distinction between the cells of the two 
species is that the amount of gelatine j*ound the Erythrocladia cells 
is greater than that round the Porphyra^ and, in the case oi the 
former, swells much more in glyceiinc than in the case of the latter. 

Taking the eolour in tho fresh specimen as a gxiide, we find that 
the relative amount of each species varies much in the compound 
frond. Thus one specimen, irretfularly oblong and much Iacinia1(>, 
contains only a few basal Porphyra cells with rhiziues, and one or two 
riarrow patches of Porphyra a cm. or two in length, in^ the upper 
third of the frond; another plant 35 cm. long much laciniated con- 
tains through its centre, and for about a third of its width, a strip 
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of Poi'phyra which rarely reaches the marj^iii. A third plant of the 
same length is about 20 cni. wide without laciniations broadly oval 
in outline, and appears to contain only niicroscojiic amounts of 
Erifthrocladia in the form of arborescences (to be defined later). In 
a fourth plant much laciniated of about the same length as the two 
pr(‘vious, T have found only a few cells of Eryihrocladia amongst the 
large rhizine-bcaring green cells at the base, and I am not sure of 
the identity of these. 

In dried plants of uniform colour it is generally possible to dis- 
tinguish the two areas by the amount of glaze on the surface. The 
Porpliyra is highly glazed, and the Eryihrocladia dull or only slightly 
glazed. The reproductive portion of the Porphyra, however, is less 
liighly glazed than the vegetative portion, so that this distinction can 
here only be applied in conjunction with microscopic tests. The 
greater amount of irregularity in the cells of the Eryihrocladia is, 
then, usually sufficient to identify them ; but a number of remarkable 
structures it displays will be described in more detail when we come 
to consider the species. 

I conclude, therefore, that we have here to do with a thallus 
compounded of Porphyra umhilicalis (forma), and what is perhaps 
an asexual and sexual form of a species of Eryihrocladia, I am by no 
means sui*e that my interpretation is correct; but at present I cannot 
]>ut forward a better one. In addition to the one given the following 
have been considered and rejected. 

, (1.) That the thallus is a remarkable new species of Porphyra 
compounded of sexual and asexual plants. 

(2. ) That the thallus contains only a sexual form of Porphyra and 
asexual form of an Eryihrocladia ; but this was held only while some 
of the facts now disclosed were still unknown, and I do not at present 
think that it is worth further consideration. 

(3.) That th(^ plant is a Porphyra, with structui’cs due to disease. 

Now 1 do not i)ropose at this stage to discuss the various points 
of view further; but if they are borne in mind during the reading of 
the subsequent detailed dcvscriptions, readers will I hope be able, by 
the aid of the microphotographs, to form their own opinions on the 
matter. The theory adopted docs not perhaps solve all the difficulties ; 
the weakness lies in the fact that I am not quite certain that I have 
isolated the sexual form of the Eryihrocladia, If what I take to be 
the cystocarps of the Eryihrocladia arc really the gonidia of Porphyra, 
then my theory falls to the ground; but in the absence of further 
literature it is difficult to decide this question. However, the general 
identity oC the Porphyra with the Northern P, umhilicalis can scarcely 
bo doubted. Occasionally what appear to be pure specimens of P. 
umhilicalis are to be found. These when dried for a year or two turn 
to an old-rosc-colour, and are glazed. They sometimes display the 
iorm of the common P, vulgaris, and are much brighter in colour 
than IS the thallus of the mixed species and much glossier. The 
laciniatc forms almost invariably contain both genera. 
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Porphyra umbilicalis J. Ag. var. Novae Zelandiae Lg. var. nov. 

Synonymy for the New Zealand forms — 

P. lacimata Ag. ; Harvey (1855) ii, p. 264. 

P. perforata J. Ag. ; Lg. 1909, p. 503. 

P. perforata J. Ag.. f. lanceolata Setchell and Hus. : Lg. 1926, 
p. 145, No. 147. 

P. umbilicalis (L) J. Ag. var. Novae Zelandiae in thallo unacum 
Erythrocladia insigni oxistens, margine undulata et minutissime 
spinulosa aut lacvi erosaque. Frons luonoica, antheridiis marginem 
(2 mm. — 3 min. latis) occupantibus, sporocarpia sine cellulis vegeta- 
tivis in area sporocarpica, et frequenter antheridiis inmixia. 

This variety has now to be separated from P. perforata J. Ag. 
(1882), p. 69; and more fully described by IIus (1902), p. 202; and 
from P. umbilicalis var. laciniaia. When dried it is indeed very 
difficult to distinguish them from cither of the above without micro- 
scopic examination. The spinulosc margin, the cystoearpie areas 
sometimes densely packed to the exclusion of vegetative cells, the 
Trequent presence of antlieridial patches in the cystoearpie areas and 
of cystocarps in tlie antlieridial area, arc points of distinction that 
separate it from both ol! the preceding, and will be sufficient to 
distinguish it as a variety from P. umhihtalis var. lacmiata. 

It may be further di>tinguished from P. perforata. According 
to J. Agardh P. perforata is distroinalic; but Setchell and Hus have 
shown that this is not so. FniHier, the iigure given b.\ tlK'in (Hus, 
1902, p. 236, fig. 4a) shows a markedly different thallus from that 
seen in our plant, where the amount of jelly even in glycerine 
mounted specimens is not more than ] — J the width of the endochromc, 
and is often less, Iloncc the naim* of P. p(rforata hitherto used by 
myself for this species will have to be rejected. 

However, the most important characteristic of var. Novae- 
Zelandiae is the usual association with it in the same thallus of plants 
of Erythrocladia insignis. 

Forms of Thallus and Colour. — The young plant luis already 
been described under Porphyi'a-Erifihrocladia. From it lhcr(' is 
usually develoiicd a long narrow^’ linear strip, though other forms may 
sometimes be seen. Thus a number of young specinums obtained at 
Taylors Mistake (near Christchurch) in July were 10 cm. — cm. 
long and only 5 mm. — 10 mm. broad; bul as the plant grows the 
I’elative breadth increases and several fronds may grow up fi*oni one 
base. (Fig. 12.) At Timaru, in September, specimens up to a metre 
in length could be obtained, with a width of 20 cm. or more. These 
larger specimens are usually irregularly laciniate, proliferous from 
the margin (Fig. 13). There is no uniformity in the shape of the 
mature plant, but it can usually be distinguished by its greater length 
and more divided thallus from P. columbina ; and it has, as it lies on 
the rocks, more of a brown-red tinge in the thallus wdicn viewed by 
reflected light, where P. columbina similarly viewed displays a certain 
amount of olive-green. However, the redder colour of P. umbilicalis 
var. Novae Zelandiae is no doubt due in large measure to the presence 
in it of Erythrocladia insignis. 
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Both species after a hot, dry summer disappear, and between 
December and June /^ umhilicalis var. Novae Zealandiae sometimes 
cannot be found in its usual habitats. It is an annual, but reaches 
maturity in six weeks or two months after its first appearance, and 
so there may be several generations in the course of a year; but on 
this point I have no definite information. On drying, tlic plant passes 
through an almost indefinable series of shades — amber, burnt sienna, 
brown-purple to plum-colour. It does not show the lilac tinge of 
P, cohimhinaf and remains a brighter and redder colour in the 
herbarium. The antheridial areas are colourless, and the cystocarpic 
portions much redder than the vegetative. 

Minute Structure, — The plant is inonostromatic 75 mmm. — 100 
nimm. in thickness in a glycerine mount with cells usually oblong in 
section up to 25 mmm. — 30 mmm. in length, somewhat irregular in 
outline, and 15 mmm. — 20 mmm. in breadth. The rest of the thick- 
ness is made up of jelly. The relative amount of jelly in fresh speci- 
mens is ])r()l)ably considerably less; but as fresh materials cannot be 
sectioned, it is not possible to give accurate measurements in this 
respect. 

TJie cells vaiy considerably in height, and though usually fairly 
regularly oblong witli rounded corners are sometimes twice as deep 
as broad, and sometimes nearly as broad as deep, but they are on 
the average not nearly so square as those of Erythrocladia, 
and not so iiu’egular. A portion from the centre of the frond, 
mounted fresh in sea-water and viewed from al)ove shows cells of a 
dull-yellow to amber-brown in close contact with each other, practi- 
cally without visible mucilage, irregularly rectangular to oval in 
shape, sometimes 5-6 sided, length 15 mmm. — 25 mmm., breadth about 
half the length (Fig. 16). Towards the base the frond becomes 
greenish, and the cells more oval and larger, and there is more 
gelatine. For dimensions of basal cells, see p. 49. Towards the 
margin the cells are similar to those in the centre of the frond, but 
tend to elongate somewhat and to arrange themselves in lines parallel 
to the edge of the frond. 

lie production. — The cystoearps are densely packed together acrosKS 
the surface of the frond, and usually without vegetative cells. 
Enclaves of antheridia are sometimes to be found in the cystocarpic 
area; but usually the antheridia are to be found along the margin 
as in other species. In fresh materials the cystoearps are brown or 
pink 20 mmm. — 30 mmm. in length, and 15 mnun. — 20 mmm. broad, 
and of the saitie colour as the vegetative cells, and therefore not 
readily to be distinguished without microscopic examination. In this 
respect they are markedly distinct from those of P, colunihina. 
Amongst them may occasionally be found large pale-yellow cells 
which are ])ossil)ly dead or undivided cystoearps. M the plant 
becomes mature the cystoearps are so appressed together as to 
bechmc' almost indistinguishable. In younger are^s there are many 
undivided carpogonia. The usual number of divisions is 4, but occa- 
sionally 8 may be found; and with 2 tiers in depth this gives the 
ordinal^ number of earpospores as 8; but they may I think be 
occasionally 36 (Pig. 17). There are occasional groups of cystoearps 
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ill the antlieridittl area. The thallus docs not show thickening here as 
in P. columhina, and is usually about 75 mmm. deep hi a glycerine 
mount, the eyslocarps being 30 inniiii. — 35 inimn. in height. It is 
not uiicoiniiKyn lo find among the eyslocarps, a solitary arborescence 
of Ergilirodcuiki (v.p. 57) or even solitary cells of the same plant. 

The antheridial area is typically marginal 2 mm. — 3 mm. wide, 
entire and not spimiJose. The anthoridia which are colourless are 
somewhat sinallor than the cystoearps 15 mmm. — 20 rnmnn long, and 
about the same in width, being moi’e nearly sciuare than the former, 
which are approximately rectangular. As seen from the surface, the 
antheridium divides in 4, occasionally into 8, and rarely into 16 
surface divisions. In section tuo, 4 or even 8 tiers are seen. The 
common number of spennatia is 32 ; there may be 04, or rarely 128. 
Xo vegetative ct‘lls are to be seen among the antheridia, but there are 
(iCcasionall.A' to l)e nmt with large nearly colourless solitary cells, oval 
or circular, whose significance is unknown to me. 

LotalUies . — l)uu(‘din (iUack Head, St. Clair Tomahawk, etc., 
W. A. Scarfe!), Tiinaru, Christchurch fOovemors Bay), Purau, 
Sumner, Gore Ba^, Wdlington (Mahanga Bay, Lyall Bay). Doubt- 
less it is common along the coast, •though not yet identified. My best 
specimens come from Timaru. Apparently it largely disappears in 
the winter months. 

Khythrotriciiiaceae. 

Gonidia arising in special monosporangia, cut off by a curved 
Avail in a vegetative cell. 

Erifiliroinchut : Frond erect filifoini. 

Eryilirocladm : Frond consisting of creeping branched filaments, 
more or less confiuent to a monostromatic disc. 

Erythrotrichia ciliaris (?) (Cariu.) Balters. 

The following description is quoted from dc Toni (1924), p. 15: 

Evjjthrotri cilia ciliaris (Carm.) Batt. in Journal of Botany, 1900, 
p 374. Frondibus obscure puiqmrtus, 500—800 mmm, longis, 10 — 30 
mmm. latis (in speciminibuH aliis 1 — 2 mm. longis, 10 — 200 mmm. 
latis), numerosis a dis(‘() inonostromatico exsurgentibus, disco 20 mmm. 
rotundato, 50- -^200 nimm. diam. aeqiiante, cellulis rotundatis poly- 
goniis, 15—24 mitirn. diam. aequantibus ; sporis circ. 18 mmm. diam. 
met lent ibus. 

ISiow Ergihrofruhia ciliaris is a little known and not well-under- 
stood species, recorded by de Toni only from Great Britain. It has 
been confused with E. Berth oldii and other species, and it seems most 
unlikely that it should be found in Great Britain and New Zealand 
.*2nd not in intervening districts. IIoAAXver, there arc one or two 
casual notices of it elsewhere. Heinbold, Deutsche Svdpolar Expedi- 
tion (1901-03) douI)tfully records it from New Amsterdam; and states 
that it is known from the coast of Europe, The Gape of Good Hope, 
Austi'alia, and Martinique'. A. and E. S. Gepp (Journal of Botany^ 
Dec. 1905) *SSome cryptograms from* (3iristmas Island^’ (Indian 
Ocean) also list it. But some of these localities are undoubtedly 
questionable. TTook and flarv., 1867, p. 716 record it from Cook 
Strait, ‘‘parasitic on leaA'es of Zostera, Lyall, under the following 
description. 
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Bangia ciliaris. — Filaments minute, simple, straight, ^in. long, 
variable in breadth, compressed, purple, sometimes expanding and 
leafy in the middle; cells in 2 rows except, where expanded, globu- 
lar/' I also found what is perhaps the same plant growing on leaves 
of ZosUra in Akaroa Harbour, June 2nd, 1904 ; and on sending speci- 
mens to Major Reinbold he returned it as Bangia ciliaris, hence the 
plant appears in my list (1926), p. 146, No. 144. 

Further examination shows the species arising from a disc closely 
adherent to the Zosiera, Now the genus is divided into two sections, 
according to the absence or presence of a disc. This brings our plant 
into the group possessing a disc with E. Boryana, E, ciliaris, E, poly- 
morpJta, and several other species. At present I have only dried 
specimens to work with, and cannot define the species sufficiently to 
identify it with certainty. Harvey description, however, appears 
to be correct so far as it goes. The filaments which in the first stage 
consist of a single row of cells, expand and become “ leafy" in the 
middle. I'his seems to suggest E. Boryana rather than E. ciliaris. 
E. Boryana i.s a more widely distributed species than E, ciliaris, being 
found in the Mediterranean as well, as in* the North Atlantic. How- 
ever, it is most probable that on further examination our species \vill 
be found to be new. I have not seen the monospores. The i)lant 
grows up to 10 mm. in length and may be 1 — 2 mm.wide. The cells 
vary in relative length and breadth, sometimes broader than long, or 
again longer than broad. They may measure as much as 20 minm. 
in length or breadth, but are usually smaller, and be as small as 5 — 
10 mmm, in length and breadth. The cells can scarcely be called 
globular; but are more often rectangular. Our plant, judging from 
the description in de Toni, seems to be larger than the true E. ciliaris, 
and than most of the species described. (Fig. 18.) 

Erythrocladia ( 1) insignis, Lg. sp. nov. 

Krythrocladia (?) species in PorpJiyra laciniala \ar. Novat 
Zclandiac, et in PorpJiyra columhina habitans. Thallus primo singu- 
larium cellularum stratum monstrans dcinde ccllulae inter se invagi- 
nantes discum crassum monostromaticum formantes filis ramosis 
radiatim egredientibus aut inter se discretis sine disco. Goiiidia 
codom modo ac in genere Erythrotrichia in cellulis intei*calaribus 
gignuntur, gencratio sexualis Porphyrae similis. 

Minute Structure. — The general characters of the thallus have 
already been described in dealing with P. umhilicalis var. Novae- 
Zelandiae, and do not require further attention here. There are, 
however, many details of the minute structure which arc of much 
interest, and which must be further described. The first cells of 
Erythrocladia are much less angular and much more oval in shape 
than those of the host. They divide similarly into sets of four, but 
they soon lose their regular shape, as they intrude into the thallus of 
the Porphyra and become most irregular in form, becoming linear, 
angular, pyriform, and indeed too varied for general description. 
They average perhaps 10 mmm. — 25 mmm. long and 10 mmm. — 15 
mmm. in breadth, but may be much larger or smaller. They are 
approximately square to I’ectangular in section, but often quite 



L \iNG. — N/Z, Bangiales. 


57 


irre^lar and up to 25 imiim. deep, and the total thickness of the 
1 hall us is less than that of the Porpliyra, being only 45 nimm. — 55 
mmm. The breadth of the gelatine between two adjacent cells in the 
earlier stages is greater than that in the ease of the Porpliyra, and 
equal to 5 mmm. The interest in them lies mostly, however, in 
certain processes and stiuetures they display, which may be termed, 

(a) invagination 
(h) cell clustering, and 
(c) arborcsccnce. 

(a) Invagination may be seen in a plant of a few mm. in length. 
Many of the cells become incurved at the base, and the opposed cell- 
wall of the adjacent cell becomes convex. Then the convex cell puts 
out one, two, three or even four rhiziiie-likc processes. These pro- 
cesses may divide di- or even tri-chotoniousl> , anJ then penetrate the 
wall of a neighbouring cell; or a concave and convex cell may become 
appri'ssed and unite, with disapy)earance of the intervening cell- wall. 
Jn this way, cells may ])e linked together in any part of the lhallus 
when' Erythrocladia occurs. Frequently the invaginatiiig cells may 
be found in a circle, from which thev radiate out in all directions 

(Pif?. 19). 

(b) Cell Frequently a group of cells orient Ihem- 

selv(‘s round a central cell, link up with it and form a central disc 
500 mmm. and upAvards in diameter with threads of linked up cells, 
branching out from it in all directions (Fig. 20). 

(c) Arbon scene i . — A single cell may send out from one end two 
three or even (our processes, and so link itself up wdth several other 
cells, these in turn invaginating with neighbouring cells fonri a 
branched tree-like growth 300 mmm. — 500 mmm. or more in length. 
Such a growth may be termed an arhorescence (Fig. 21). I have 
never seen a cell emitting processes otherwise than from one ('iid, but 
there is immense variety in the structures that may be lormed. In 
some cases one may have discs or ccll-elust(‘rs formed without arbor- 
oscence. These clusters may often be found running roughly parallel 
with each other in any part of the frond. They usually contain 10— 
12 cells, more or less eompletcly amalgamated and forming a little 
richly-coloured tunercular mass projecting from the frond. In other 
cases the invaginating cells form circular patches without definite 
arborcsccnce, producing rather a network, enclosing iTj many cases 
larger cells, which are perhaps isolated Porpliyra cells. Similarly also 
circular patches of cells may invaginatc Avithout shoAving either arbor- 
escence or cell-clustering, or one may have a series of arborescenccs 
radiating out from a centre, but not connected Avith each other or 
with that centre. ' This, of course, occurs also in Erythrociadm 
suUntegra Rosenvinge, with which our plant seems to be albed. In 
othe**' cases one may find a large cell-cluster connected up Avith arbor- 
escences, which have subsequently decayed and left the cluster 
surrounded only by a few isolated cells in the gelatine. The variety 
of forms assumed is remarkable, and it is impossible to describe them 

If the colourless process put forth, does not meet another cell, it 
may often expand into a colourless sphere 3 — 5 mmm. in diameter, 
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^or nssiime the shape of a wiiie-glaiss. This slowly colours until it has 
the appearance of a stalked cell. 

The description given is for Erythrocladia as it occurs in Por- 
phyra umhilicalis var. Novae ZeUtndiar, A similar or perhaps the 
same Erythrocladia as already noted occurs in 7^ colwnbina, but here 
it seems unable to hold its own. Dead patches of cells, i)resumably 
those of Erythrocladia, may often be found in perforations in the 
thallus of P. columhina, and though P. columhina seems usually to be 
jnfccted with Erythrocladia, i)articularly at the base, I have not yet 
found any large patches of Erythrocladia in this species. 

In the lit(‘raturc available to me, 1 have been able to find very 
little compai’able to the invagination i)n)ces8 and arboresc'encc. The 
species of Erythrocladia descril)ed by Rosenvinge have obviously 
arboresceiK'Cs similar to those of this species; but he makes no mention 
of invagination. J. Agardh, however (1899), p. 149 et seq., observed 
a similar though less well-developed ease of this latter phenomenon in 
Porphyra ncrocystis Anderson; and in conse(iuence of his observations 
constructed the new genus Pyropia, but this genus was not aceei)ted 
by Hus. (1901), ]). 210; nor by Wille or dc Toni (1900), p. 18. Why 
it was rcgected by them 1 do not know. Thougli IIus refers to J. 
Agardh ’s paper in his bibliography, he does not mention it in his 
text. Agardh describes his plant under the name Pyropia Califor- 
nica; and I extract a short passage from his description loc. cit. p. 
151, et p. 152. 

Ex singulis cellulis frondis interioribus, adparenter sua propria 
membrana cinctis, endochroma expansum vidi in appendieem 
rostratum, et formam ipsius endochromatis modo offerre* unam 
partem obovatam et conspieue crassiorem, alteramque excurrent(‘m in 
appendieem plus minus rostriformem ; adparatum rostriformem 
expansum vidi (intra membranam frondis exteriorem) supra partem 
obovatum proximae cellulae; dum eodem modo partem obovatam 
intrudentis cellulae (adhuc obtusam) vidi conformi appeiidiciila ah 
alia cellula proximo vicina proveniente depressam. ... Si unaquaque 
cellula ex uno apice expanditur in appendiculam, eandem cum alia 
cellula conjugentem; supra alteram vero suam partem incrassatum 
recipiat consimilem appendiculam, ab alia cellula emissam, racilhis, 
pateat totam structuram hoc modo arctius in formam' frondis 
definitam oontineri. 

Now I have neither specimens of Porphyra ncrocystis, nor of the 
species of Erythrocladia described by Rosenvinge, nor of all the 
literature necessary, so I cannot pursue this matter further, but it 
would seem probable that Agardh has found in Porphyra nereocystis 
{Pyropia) phenomena similar to those that occur in Erythrocladia 
insignis. Either the Porphyra contains a parasitic species, or else his 
genus Pyropia may be found on further investigation to stand, or 
we must expand our definition of the genus Porphyra, It is probable 
of course that in the cas^‘ of our New Zealand Porphyras one thallus 
contains many individuals of Erythrocladia, but it is at present quite 
impossible to distinguish between one individual and another. 

Reproduction, — In the arborescences occur cells bearing all the 
appearance of gonidia as described for the genera Erythrotrichia,. 
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Erythrocladia and Porphyroyopi^is by Rosenvinge. Those luv cut off 
by a slightly curved cell-wall from the side or end of the cell, or more 
rarely from solitary cells in the neighbourhood of invagiiiatod areas. 
It is possibly these gonidia which, scattered throughout the plant, give 
rise to new individuals in the Porphyra thallus. 

Sexual Reproduction, — Densely })acked cystocarps (?) occur 
without vegetative ceils, towards the edges of the frond, two or three 
centimetres deep, divided into two and four without any diAision 
parallel to the surface of the frond (Pig. 26). Thus the total numbe'r 
of carpospores is only four. Outside these are antheridia divided 
into four or rarely eight surface dvisions and arranged in four tiers, 
thus giving sixteen, rarely thirty-two spermatia. The antheridia arc 
colouidess, but the red cystocarpic area fad(‘s out imperceptibly into 
the antheridial area. The cystocarps are 10 minin. — 15 mnim. across. 
The antheridia arc 8 mmni. — 10 mmm. across and 10 mmm. — 12 mmm. 
in length. 

Localities : Sec P, umhilicalis var. Novae Zelandiae. 
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A Brief Account of the Re-establishment of Vei^etation 
on Tarawera Mountain since the Eruption of 1886. 

By E. Phillips Txieker, F.R.G.S. 

\Kead hefote the Wellington Philosophical Society, 23rd November, J927; 
received 1)V Ed^itoi, 19th December, 1927; issued separately, 

May mn, 1928.'] 

Pl\tes 16 — 19 . 

<)n June 10th, 1886, occurred the Tarawera eruption which destroyed 
the incomparable and world-famous Pink and White Terraces at 
Lake llotomahana, and which scattered volcanic mud or ash over 
about six tliousand square miles of country. J was, at the time, an 
assistant on the survey of the railway line which now g:ives access 
to Rotorua, and during the two days following the cruiition I tramped 
Irom our camp at Ngatira, via Rotorua and the Blue and Green Lakes, 
light through to Tarawera Lake. Though in th(‘ vicinity of Rotorua 
lownsliip the volcanic deposit was little more than a film, it increased 
rapidly in thickness, and between the Blue Lake and Lake Tarawera 
(Pig. 1) the mud was so deep that I sank almost to my hips whilst 
trudging through it. Previous to the eruption, at several places 
lietween Rotorua and Lake Tarawera tliere had beem patches of 
beautiful forest, but now there was no vestige ot‘ live vegetation to 
be seen, as the whole (*ountry was buried undei’ a huge thick sheet of 
mud out of which a few mud-plastered, blasted tree-trunks alone gave 
proof of tlie previous existence of the forest. 

In 1889-1900, from 14 to 15 years after the eruption, I was 
engaged in surveying lands which had been ])urchascd by the (’rown 
from the Maori owners in the vicinity of Rotorua, the Blue Lake, Lake 
Tarawera, Lake Rotomahana, etc., and I then found tliat many oE the 
forest trees and large shrubs in this locality had merely been stripped 
of their small branches and leavesi at the time of the eruption, and 
that they now bore profuse and healthy foliage. Indeed many places 
where the vegetation had pre\iously betm IHiridium esculenfum or 
low scrub now bore a completely new growth of P. csculniimn, 
Coriaria arhorea or Arislotelia serrata which were growing on the 
ejected mud or on scars that had been caused by the ejected mud 
having slid from the sides of steep hills. 

In the year 1900 on the ash and mud-covered lands al)iitting on 
to Lake Tarawera (on the West) and in the vicijiity of the new Lake 
Rotomahana and the celebrated Waimangu Geyser there was a con- 
siderable pioneer growth of Arundo conspicna, Coriaria arbor ea, and 
Pteridium eiletdentum. These lands prior to the eruption boro a pro- 
fuse growth composed mainly of Leptospermum scrub and Pteridium 
csculentum. I made the ascent of Mount Tarawera in 1900 and, as 
far as my memory serves, there was then no new vegetation on the 
western slopes of the mountain, but I regret that I did not make any 
notes on the matter at the time. 
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The first account of the new vegetation on the land co\crcd with 
the matter ejected at the Tarawera eruption of 1886 was given by 
L. Cockayne in the 1910 edition of New Zealand Plants and Their 
Story (3 p. 54), but only Cotiaria and Armdo are therein mentioned. 

In 1913 and again in 1915 and 1916, B. 0. Aston (1, la) 
visited Tarawera Moimtain and found its western slopes were carry- 
ing a growth of small trees, shrubs, and herbaceous plants, which 
were abundant near the shores of the Lake, but gradually lessened as 
the mountain was ascended. In a very interesting account of his 



Re-establlshment of Vegetation on Tarawera Mountain since 
the Eruption of 1886. 


visits Aston showed that of the ninety-one species of plants ho 
recorded as growing on the north-western flank of Mount Tarawera 
58% were plants which had become established there through the 
agency of wind; 26% had been spread by birds, and fourteen species 
were difficult to account for. 

In January of the present year (1927) I took the opportunity 
during a short "holiday to make a hurried ascent of Mount Tarawera, 
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which I had not visited since I ascended it in 1900. I was of course 
immensely impressed with the great changes which had occurred 
since my first visit, for now near the shore of Lake Tarawera there 
was a young forest with trees from 7.5 to 12.2 metres high, and above 
the forest, 8hru})s and herl)a(*eous plants occupied the {p*ound more 
or less plentifully riglit to the summit of the mountain, which at 
its highest peak is 1149.4 metres above the sea, or 834.7 metres above 
the mean level of the Lake. The point at which I started my ascent 
on the present occasion is about midway along the Eastern shore of 
a large bay at the southern end of Tarawera Lake (vide map), and 
I followed up a fiat-fioored stee])-walled and narrow valley, which has 
been eroded sinc^ the big eimption of 1886 and extends nearly to the 
rift-like crater which split the mountain. The soil of the valley — as 
in other parts of the mountain — ^is a coarse sand mixed with large 
quantities of scoria and rock from the size of a pea to blocks many 
pounds in weight. The origin of the soil has been both rhyolite and 
andesite, stones and particles of the latter preponderating. In heavy 
rains a large volume of water descends from the higher slopes, but 
the soil is so loose and gi^avelly that probably as much water flows 
under the surface as above it. 

In the lower part of the ^ alley (Pigs. 2, 3) the chief components 
of the scrub growth which intermittently occupies the floor are 
Coriaria arbor ea, with Lepiospermum scoparhim and L. cric aides in 
lesser quantity, liamilia ansirnlis forms numerous mats on the floor, 
and Pimclia prostrata is also imeseiit with a similar habit of growth. 
On the sides of this part of the vallej’’ the scrub formation is more 
varied and contains in addition Canaria, Arisfofelia serrafa, Notho- 
panax arhorcum, Hebe salicifolia var.. Fuchsia excorticata, and \the 
Two Lepfosf)crmums. Scrambling over these small trees Muehlen- 
bfckia australis is often seen, whilst between them there may be 
Pteridium csculenium. 

At an altitude of about 518.3 metres (204.2 metres above Lake 
Taraweral the mat-plants Bamilia australis, H. ienuiemdis, R. glabra, 
and Pimelia prostrata occur as scattered colonies on the fine loose 
scoria or sand. In these colonies there are often other plants, e.g., 
II ypoclioens radicata, Ganltheria oppositifoHa, G. 7'upcsfris, G. antu 
poda, the two Leptospermums, and Danthonia semiannularis var. On 
gravelly soils or soils composed of coarse sands, as has been elsewhere 
I'elatod by Cockayne (2, 3, 4 and 5) and Aston (1, la) these mat- 
]}lants, by their action in arresting the movement of the sand particles 
and also their habit of decaying at the centre of the mat, form suit- 
able spots for the establishment of hardy pioneer plants with an erect 
habit of growth such as those just named. Near this locality (Pig. 4) 
there are a few’- small clumps of Coriaria scrub. One of these was 
composed of C. arborea about 3.5 metres high with two small trees of 
Pittosporum if nut folium in the middle 6.9 metres high. On these 
trees the epiphytic fern Cgclophorus serpens was growing. Around 
and under the shade of this clump there was quite a dense carpet- 
growth of Danthonia, Ilgpochoens radicata, the grass IIolcus lanatus, 
Acaena Sangnisorbae, Aira caryophyllae, Pteridium esculentum, 
Centaurinm umbellatum, Epilobium pxlbens, E. sp., Raoulia glabra^ 2?. 
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mistralu, Lagenophora pefiolata, Pimelia prostrata, moss, Muehlen- 
beckia axillaris. Microtis uniflora, Polypodium diversifolium, young 
l)ittosporums, Pomaderris phylicac folia, and Anagallis arvensis. 

Occurring sporadically at this altitude there were also Gmdtheria 
oppositifolia, G. antipoda, Epilobium mclanocaulon, two Leptosper-^ 
mums, Ptcridium csculentum, Hebe salicifolia var., DracopJiyllum 
subulatum, Thelymitra longifolia, Hypochoeris radicafa, Trifolium 
dubium, CclmiSia longifolia, Gahnia gahniaeformis, Leucopogon 
Fraseri, L, fasciculatus, Gaultheria rupestris, and Erigeron canaden- 
sis, These plants extend down to the lake, and, in lessening quantity, 
up the mountain for over 100 metres. 

At an altitude of about 853 metrevs above sea-level the same scat- 
tered low shrubs and the same Raoulias, grasses, and Pimelia are 
found in lesser number. It is interesting to state that in 1900 (14 
years after the eruption) the loose scoria at this altitude was still 
quite warm at about 12 centimetres under the surface, l)ut on the 
])resent occasion it was quite* cold. 

Looking into the crater-rift at this point (Figs. 5, 6) one could 
see, perched at various places on its perpendicular walls, shrubs of 
Coriaria and Gaultheria opposiiifoUa — the fornuu* i)robably the result 
of carriage by birds, the latter by wind. 

The w\alls of the crater at this place wTre too steep to allow’ one 
without ropes to descend to test the temperature of the rock and soil, 
but T w’as told that at some places in the crater steam is still emitted. 

At an altitude of about 915 metres above sea-level there is a 
slope of fine scoria lying at an angle of a])out 33°. Though the scoria 
here slides downhill w’hen w’alked upon, there are established on it 
odd i)atches of RaouVui auslralis, with an occasional Gaultheria, and 
Hypovlux ris. On this loose and unstable slope, where the moisture 
reaches the surface, there are occasional little oasis-like compact 
colonies compos(‘d mainly of Raoulia glabra, wdth some R. auslralis, 
and a little Hyjuuhoeris, Trifolium dubiuyn, T. ripens, a minute 
Raoulia (a])parently a hybrid l)etw'een R, glabra and R. australis), 
Pimelia prosHrata, and a minute Epilobium wliich I did not identify. 

Tn connection with this special al)ility of the Gaultheria to 
colonize unoccupied now lands, T may state that when T was making 
a to])ographical survey of the Tongariro National Park, in 1908, I 
found impressions of Gaultheria rupestris leaves to be common in 
three distinct strata of soil which must have been ejected at various 
times from one of the volcanoes in that locality when they were in 
a very active condition long ages ago. 

On the summit of the mountain (the southern part, about 1,120 
metres, w’as all I had time to visit) I found an intermittent and sparse 
vegetation composed of stunted Gaultheria oppositifolin, G, rupestris, 
an apparent hybrid between G, opposififolia and G. ritpestris. Cel- 
misia longifolia var. gracilenta, Leptospermum scoparium, Draco- 
phyllum subulaht)ui, Danthdnia semiannularis var., and Hypochoeris, 
all of which have probably been established through the agency of 
wind. The shrubs appear to have become established here since 
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Aston \s visit. I may mention that snow not infrequently covers the 
mountain in winter, and it may occasionally lie on the summit for as 
long as a week or perhaps even more. The rainfall in this locality 
is between 128 and 154 centimetres (50 and 60 inches), and it is very 
well distributed, no month being without rain, so the climate favours 
vegetation. The loose and coarse nature of the soil and its great 
porosity have already been referred to above. 

With respect to the fauna of this part of the mountain it maj 
be said that blackbirds and thrushes and the indigenous tui, all frugi- 
vorous birds, were seen or heard on the lower slopes. Two wild horses 
were seen, and also recent excreta of rabbits and wild pigs. The 
native pipit was occasionally seen even high up the mountain. Of 
the animals, rabbits might occasionally carry grass seeds or the 
pappus-furnished seeds of the compositeij or the barbed seeds of 
Acaena\ but pigs and horses would take a far smaller part in the 
dispersion of such seeds. All the plants observed by me on and near 
the summit of the mountain were such as have either very light, small, 
or pappus- furnislied seeds, and this fact confirms the observations of 
others that wind is definitely the chief agent in the extension of vege- 
tation on a virgin soil of the nature and under the conditions described 
as existing in this locality. The drupe-bearing Pimelia prostrata was 
found as high as about 850 metres, but I am of opinion that the seeds 
of even this plant may have here been dispersed by wind after their 
surrounding pulpy mattei* has been desiccat(^d. The pulpy-fruited 
Coriaria and Coprosmas of the lower slopes are undoubtedly spread 
mainly by birds. 

Twenty-five years after the eruption of Krakatau near Java, 
Ernst (4, 6) found that the three factors instrumental in the re- 
establishment of vegetation on the island were sea currents, wind, 
and birds. The determination of the agencies of distribution was in 
his case, however, by no means easy, but he gives sea currents as 
being probably responsible for 39 to 72%; wind, 16 to 30%; and 
birds 10 to 19% Krakatau is distant llj nnles from the nearest 
land with vegetation. 

Though after the eruT)tion of 1886 the western slopes of Tarawera 
Mountain were an isolated area, there were no sea currents to bring 
plants from other regions; but wind and birds exercised practically 
the same relative influence as they did in connection with the estab- 
lishment of the new flora of Krakatau. 

Willis (7) before referring to the classical case of Krakatau 
(Ernst 6) gives the case of Ritigala in Ceylon. It is an isolated moun- 
tain 765 metres high and separated from a wet zone area by a plain 
40 miles wide with a dry climate. The summit of the mountain has 
a wet climate and is populated by 103 wet-zone plants. Of the 103 
plants, 49 had light fruits or spores suited to carriage by wind, 24 
were suited to carriage by birds, and 30 were doubtfiul. 

That wind should be such a preponderant factor in the dispersal 
of plants which have seeds with a special mechanism (e.g., pappus 
hairs), or which are very light is not surprising when one remembers 
that loess soils have been formed by accumulations of dust which has 
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Fj( 1 — Kilt like ciciUr at south end ot Mt Tcuaweici from bouthein 
extiemitv of Lake Taraweia, bho^vln^c flanks ot niountam 
coveied ^vlth voloanit eiecta- a tew months after the ei uption 
of ISSf) 



[E Phtlhps Tuitut photo 

Flo 2 — About 48 metres above Lake Tarawera, In large, flat floored 
wash-out, looking west towards lake On floor is Conarta, 
on sides aie Coiuttiu, Anstotfha J\othojtanax (tihottitm, 
Fudista, Hfhc saeittfolta vai , and two Leptospet mums. On 
high spur on right is a dense and vigorous growth of above, 
with MdrosuUroB, Kmahha Meheytus, linlschmiPdva, tree- 
ferns, &c. Lake Taiawera is 314 5 metres above sea-level 


Face p 



Tua\m N.Z. Inm. Voi., 59. 


Platl 17. 



[y; PhiUipH Innia photo 

Fk. 3 Fioin same spot as Fig 1, but looking towaids south end of 
Mt Taiawera. The tall conical tree is JJtuah/pius (/lohiilus 
The daik mass near summit of mountain is rocky cliff. 



^ IL PhilUpft 7urnii photo 

Fk.. 1 —From the same spot as Fig. 3, but looking north-west across 
Lake Taraweia A clump of Piftmporum tcnnifohuyn (about 
7 metres high) and Coruina (about 5 metres high). Under 
the sliriibs Is a carpet of Ditnfhontu. Htipovhovti,s. Avaena 
santfitisorhuf’, &c. Frequent patches of Raotthm shiubs becom- 
ing sparser. 
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Pfiilhjm Turtur pliofo 

Fi(^. 5. — Near top of the big rift on southern end of Mt. Tarawera, 
looking eastei'ly across crater-rift. On cliffs are odd shrubs 
of Coriaiia, and GmUtJierin opponUi folia, the latter occasion- 
ally on the scoria slopes. Altitude roughly 853 metres. 
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Fi( 7 — Tdiawera mountain db in February, 1927 New \eKetation at 
Wairoa Village at the westein end of Lake Taiawera On the 
left are chiefly Anstotdw, W^inmaunui laamosa Conatta 
(uhjHo Cojuosma rohu^tu, Ptfridiuni kc On the right the 
tiee is an exotic, its species not noted at the time 
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been transported by wind from mountains distant sometimes several 
Imndreds of miles. Dust discharged at the eruption of Tarawera 
Mountain in 1886 was carried by wind and deposited as far as sixty 
miles from the mountain. On one occasion when on a steamer travel- 
ling to Sydney and about 500 miles from land, 1 saw thistle pappus 
floating in the air, though the pappus was not close enough for me 
to make sure that a seed was attached to it. Even such heav>^ matter 
as sand on a desert surface is transported hundreds of miles. 

Tlie e^stablishment of tlu' vegetation on this mountain during the 
forty yeiirs which liavc expired since the crux)tion in 1886 has probably 
on the whole been somcwliat retarded by wild pigs, horses, and rabbits, 
as these animals will, when Tood is scarce, nibble off most unpalatable 
plants which, evcui if not destroyed, may be prevented from bearing 
fruit: moreover, the coarse sandy nature oE the soil on the slopes of 
the mountain is such that it is much disturbed when walked over 
by animals, and consequently the establishment of plants on it is, 
in this \\a>, further slightly retarded. In other localities I have 
observed that wild pigs and horse.s spread brier (both animals will 
cat the berri(‘s), but in the particular locality herein dealt with I 
saw no bri<^r to be sj)r(‘ad. Other aninuds and man have had no 
detectable effect on th(‘ re-establishimuit of the vegetation on the 
locality now dealt with. Though wind has undoubtedly been the 
chief factor in the repopulation with plants of the virgin area of 
Tarawera Mountain, this re])o]mlation has taken place from localities 
close to the virgin area, as has been shown by Oockayne (5) in his 
third edition of New Zi aland Plants and Their Story, 

Owing to sho^rtnes> of tinu‘ I could not explore the country later- 
ally from the route b> wdiieh 1 ascended the mountain; but there is 
no doubt that the re-establishTuent of i)lants on the south-western 
slopes of the mountain is taking place far less quickly than it is on 
the north-wTstern slopes, and also,, along the route taken by me, there 
arc far fewx‘r genera and s])ecies than those* noted by Aston on the 
north-west. 

North of the point wdiere I landed, along the lake, and sometimes 
extending to about 200 metres in altitude up the mountain, a young 
forest is forming. The components of this forest have been fully 
given in Aston’s ])aper, but 1 may add that at present it is just emerg- 
ing from a condition of even growth, .and the tall-giuwing trees 
Metrosdieros iomentosa, Beilschmiedia tawa, Knightia excelsa, and 
Weinmannia racemosa are nowr shooting above the smaller trees Arisfo- 
ielia ^errata, Piliosporum fenuifoNum, Noihopanax arhorevm. Fuch- 
sia excoriieata^ Geniosfoma ligustrifolium, Dodonca viscosa, tree ferns, 
and shrubs, and will form the top story of an ultimate high forest. 
Of the loading trees the Knightia is prominent by reason of its evenly 
conical giwth-form. Of the plants noted there were nine exotic 
species, and of these three had become, established through the agency 
of wind, three through the agency of animals, and three were of 
doubtful origin. 

It is interesting to state that in the shrubby growth shown in Fig. 
3, I found a solitary blue-gum {Eucalyptus globulus) which is an 
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oxotic. This troe was about 12.2 metros high, aiul as tliere is no blue- 
gum growing at a eloser i)oiiit than AVairoa, about five and a-half 
miles away and ac*ros8 the lake, it seems I’casonable to conclude that 
1he seed must have been eari’ied by wind to the spot where the young 
1re(» is now growing. The age of this tree would probably not exceed 
about 13 years, as the l)lue-gum is of exceptionally quick growth. 

Shortness of time prevented my making a more comprehensive 
(examination of the new surface of Tarawera, but the foregoing obsci’- 
vations are probably worth ivcording for use by IHiture students of 
what is going on in that r(‘gion. 
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On Some Alcyonarians from New Zealand Waters. 

By W. B. Bi;\ham. D.Sc., M.A., F.R.S., F.N.Z. lust., 

Hutton medallist. 

hrfoir thr OUuto Institute, 6th December, 1927; receive^/ by Editor, 
20th December, 1927; ismted separately, 

Muif J2th, 1928.] 

The only members of the Order Aleyonacea enumerated in Hutton^s 
Indis Faumti Novae Zelandiae arc the two species — Anthopodium 
ttasfrah N'eridJl, and Lohularia {Alcyonium) anrantiaca Quoy and 
(baimard; of the Order reniiatnlaeea, Viryularhi (jratillima Kollikcr; 
and of the Order AxilVra, the species Primnoclla aastralasiae Gray; 
all of which ha\e lieeii obtained in the waters immediately around the 
Dominion; the other Alcyonarians ther(‘ listed are from the nei^li- 
bourhood of the Kerinadecs. 

Sinct‘ the date of publication of tin ladex another pennatulid 
has been desicrib(‘d by myself from Doubtful Sound on the west coast 
of the South Island, SarcopJu/lhnn hollonsi (Denham, 1906). 

In the i)r(‘seni paper I give an ac<*ount of five species, of which 
foiu* are lu'w; tliesi' five fall into four famili(‘s and bfdong to three of 
tli(‘ Ordei’s of Alcyonarians, as will be seen in the systematic summary 
below in wliich all the known i-epresentatives of the Sul)-class Alcyon- 
aria from oui* neighbourhood are shown. 

It is only verv^ raridy that naturalists in Ninv Zealand have tlui 
opportunity of collecting in deep wat(‘rs off our coast, and very little 
s\stemati(* collecting lias been done (‘mui in the littoral zone, so that 
there are no doubt other members of the group still waiting discoveuy. 

As will be scon from tlu‘ following a(S'ounts of mwv species, avc 
owe some of them to the fact that the Go\ eminent have from time to 
time sent out ships in connection with tlie (‘xamination and extension 
of the fisheries; on some of thase occasions the Hon. tJeo. M. Thomson 
was fortunatel.y on board, and it is dui' to his enthusiasm for zoology 
that some of the new species were obtaiiunl; and ^piite recently I have 
received marine specimens of various kinds from Lieut. T. A. Vick(‘rs, 
E.N.R., of H.M. Cable-ship Iris,’’ wdio lias during the last year or 
two be('u good enough to send me material collected from considerable 
depths. I wish here to acknowledge wdth gratitude tli(‘ generous help 
T have received from Commander TTughes in allowing his officers to 
collect for me. 

The Challenger gathered only two Alcyonarians from these 
seas, namely the pennatulid Yirgnlaiia urneillima, which ^vas later 
found by the late Dr. Dendy (1896) in Lyttelton Harbour; and the 
gorgonid Primnoclla ausiralasiac, which had previously been recorded 
from Bluff Harbour by Verrill (1876). The genus is defined and 
figured in the Challenger Report (1889, p. xlix) and the species 
fully described by Verrill (loc. cit. p. 88). 
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Class ANTHOZOA. 

Sub-class Alcyonaria. 

Order 1. Stolonifera. 

Family CoRNULAunDAE. 

Clavnlaria tliomsoni n. sp. 

Anthopodium anstrdle Vorrill. 

Order 2. Alcyonacea. 

Family ALdvoNiDEA.* 

Alcjfonhm miraniiarum Quoy and Gaimard. 

Anihomastns zealnndicus n. sp. 

AniJiomashis phalloidcs n. sp. 

Order 3. PhEiiDAXONiA. 

Family BiUARErDVi:. 

Sui)- family Sp()N(jioi)ERM1Nae. 

S})on(jiodoni}n (?) vickcrsl sp. n. 

Order 4. Axiferv. 

Family Primnotdaf. 

Primnodki oiistralasin( Gray. 

Order Pknnatulacea. 

Family Virguiaridai:. 

Virqulnria graciUhnn KoUiker. 

Family PENNATrLiDAE. 

Sarcophifllum bolhnsi Benliam. 

GiAVUL\Rr\ Quoy and fiaimavd. 

Clavularia thomsoni sp. ii. (Figs. 1-5.) 

Collected by the lloii. G M. Thomson, while on board the G.S.Y. 
“ Hinomoa” in 1915, in Fovea ux Strait. 

The colony, white in colour, is growing on the costate surface of 
a simple coral, presumably a species of Cari/ophijilia as the calyx is 
circular in section; the coral was covered with an encrusting sponge 
containing needle-like sj)icules; issuing through this coating of sponge 
near the lip of the calyx are five polyps, attaining a height of 5 mm., 
which arc so densely and completely covered with calcareous spicules 
as to give the impression that they are madreporarian corals, indepen- 
dent of one another. Tl was only on removing the sponge that it was 
seen that these polyps are in reality connected with each other by a 
stolon creeping over the surface of the CarifopUyllia. 

The stolon is a narrow, flattened band densely coated with cal- 
careous spicules; it is not much wider than the polyps it bears. It 
commences on the outer surface of the calyx near its upper end, 
ascends obliquely to the lip, passes along this for a short distance and 
then descends into the cup; so that one polyp arises from deep within 
the cup ; this is probably the oldest ; two more are just within the lip ; 
two on the outer surface ; and in addition there are indications of 

“‘Wriglii and Studer in the Section on Geographical Distribution (p. 295) 
includes “New Zealand” amongst the habitats of the genus Sarcophytum; 
but I have failed to And the reference to any species that has been recorded 
from here. 
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two others which appear to be mere buds, scarcely rising above the 
stolon. 

The polyp or “anthocodia,” is nearly cylindrical; its length of 
5 mm. being rather greater than twice the diameter; the base is 
slightly narrower than the distal extremity ; the tentacles are in each 
polyp withdrawn into the column. The surface of the polyp is marked 
by eight shallow and narrow furrows, separating as many ridges 
which arc distally continuous with the bases of the retracted t(Mitacles, 
so that the free end y)resen1s the appearance of an oight-ra^ed star or 
rosette. 

The base of the polyp is surrounded by a very slightly raised 
cushion where it sjirings from the stolon. 

The whole surface of the polyp is densely encrusted with s[)icules, 
so as to appear almost solid. The spicules are (*oinparatively long, but 
stout rods, disposed lengthwise along the column, touching, even over- 



1 A simple Coral, after the removal of tlie enciusting Sponge, with the 
colony of Clavulmia creeping over the suiface of the calyx (nat. size). 

2. Two polyps springing from the flat iibbon-like stolon (x 8). 

3 A portion of the stolon (x 40) showing the densely massed spicules. 

4 A spicule from the body wall of the polyp (x 260). 

A spicule from the stolon (x 260). 

lappmg, so that their outlines are individually difficult to trace ; they 
look almost like scales ; they do not project from the surface but are 
entirely embedded in the mesogloea. 

After treatment with potash (boiled on the slide) they do not 
separate at all readily, being evidently bound together by the organic 
matter, but when sufficiently isolated they are found to have the form 
of short, broad rods, very rugose with numerous short rounded knobby 
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])r()cesses, closely set and apparently in whorls. A fe^v slender spindles 
also occur throughout the skeleton, but become recognisable only after 
treatment with potash. The tentacles arc* provided with similar 
.si)icules and so is the stolon. 

These spicules measure from 0.12 mm. to 0.27 mm. ; the shorter 
ones being in the upper part of the column, the longer in the lowcn* 
part. Measurements are: Length 0.12 villi diameter 0.^16 mm.*, 
another gives, 0.18 by 0.054 mm. 

1 have been miable to study the sti’iicture of the deli(»atc stolon. 
Remarks: So far as I have been able to asccu’tain, this form 

belongs to the genus Clavnlaria; though the suspicion has crossed my 
mind that it may be VerrilPs Anthopodimi australc, oi* which unfor- 
tunately no figure is given b}" the author. On the other hand Hickson 
(1895) expresses the opinion that this genus is closely related to 
Callipodium on the one side and to Telesio on the other, and so should 
be placed in the group Stolonifera. But the colony under discussion 
r(‘sembles in \arious ways Clavnlaria ramosa Hickson, L'rom Australia 
in its genei’al appearance; the polyps recall those oT C. cylindrica 
Wright and Studer, which was 1‘ound at Tristan d'Acunha; while in 
other rosf)ects it seems to be allied to (\ fiava Hickson. Jn all these 
species the spicules arc referred to as forming a dense armoiii*’' or 
as being locked together to form a compact skeleton,’^ as in the 
present form. 

It may be convenient to zoologists in New Zealand to include here 
tlu* account given by Verrill of Anthopodinm ausiraU, so that any 
who may have the opportunity of collecting in Bluff Harbour may 
be able to recognise the species; and the account in the Bulletin U.S. 
Museum is not easy of access. 

Generic characters copied from the Challenger’’ vol. 31, p. 15. 

“ The colony is incrusting, firm. The polyps arc large, pro- 
minent, retractile within tubular verrucae. llie surface of the 
coenencln mix and verrucae is minutely granular with dentations 
of the spicules imojecting. These spicules are irregular in out- 
line and closely united together. The spicules, in addition to 
those mentioned, are sjmiosc spindles and clubs.” 

On p. 298 it is stated that, The onl\ species is recorded from 
Fort Macon, north coast, North Carolina." Either the authors (ncr- 
looked the record from New Zealand, or the species had been removed 
to some other genus; I have been unable to trace it. 

From Verrill (1876, p. 76) Anthopodimi anstrale:-- 

Polyp cells cycUndrical or somewhat clavatc with distinct 
sulcations at summit, in contraction; the surface covered with 
small rough spicuk^s: the height variable up to a quarter of an 
inch or more. They arise from a thin encrusting or stolon-like 
coenenchyma, which is coriaceous and roughened with spicules, 
like the polyp cells. The polyps are irregularly scattered along 
the coenenchyma, which creeps over the upright axis of Prim- 
moelln. Colour, light orange-red. Height of polyp-cells, mostly 

2 mm. — 6 mm.; diameter, about 1.5 mm/' 

Then follows a detailed account of the different kinds of spicules. 

Bluff Harbour, Now Zealand on Piimnoella australasiae,^^ 
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AiiCYONiUM Linnaeus. 

Alcyonium aurantiacum Quoy and Qaimard. (Fi^^s 6-11.) 

Hutton, in his Index attributes tliis sj)eeies to the genus Lobu- 
laria,^’ which is now abandoned, lie makes a slip in using the name 
of Lamarck for the species. It may be mentioned, too, that Quoy 
and Gaimard omit the ‘'i^' in Alcyonium. The following is the diag- 
nosis given by them — to their species — 

Alcyonum, parvum, molle, ramosum, ramis obtusis; i)olypis 
elongatis, clavatis, albis ; tentaeulis brevissimis rotundatis. ’ ’ 

With respect to the last statement, their figure (pi. 22, figs. 16-18) 
shows the tentacles quite evidently retracted ; they did not see them 



6 The specimen A from Mahia Peninsula region, the erect form of 
the species (nat. size). A branch and pait of the stalK had been cut from 
tlie left side, the polyps are omitted fiom the right side of the sketch. 

7 An anthocodia or polyp (\ 10). 

8 Spicules from the coenenchyme (\ 40) 

9 Spicule from the wall of the anthocodia (\ 260). 

30. The creeping form from Dusky Sound (nat size). 

11. Spicules from the coenenchyme of this form (x 260). 

entirely expanded, so that the} arc in error in sa}iiig that the} are 
round. 

In the text they state further that the colon}' measures two to 
three inches; it is orange on colour, with white tentacles and the 
polyps are transparent. 

The specimen was obtained in the estuary of the River Thames, 
(^in the North Island) in water of 8 to 10 fathoms. 
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The figure represents a colony with a long wide sterile stalk sup- 
porting h^f-a-dozen finger-shaped branches, some of them lobed. 
Pigurcs of the spicules are given. 

That is all we know of the species up to the present time, for it 
has not been met with, or referred to, by any naturalist since 1834. 

Of this species I have three specimens, colonies of very different 
form and colour, but as all three present the same general arrang(*- 
ment of the polyps and the same type oL* spiculation, I refer them 
to the same species, for it is acknowledged by those who hav(* made 
a study of this genus that external features arc highly Aariable witlnn 
the same species. 

It will be convenient, however, to deal with each of the specimens 
separately. 

Some years ago I sent a portion of two of these colonics to Pro- 
fessor Hickson, of the Manchester University, to ask his opinion as 
to their specific nature, for he has made an extensive study of the 
group Alcyonaria and especially of the genus Alcyonium. He rei)hcd 
that he believed each of tliom, as well as a young colony that I had 
collected in 1909 at Carnley Harbour in the Auckland Island, which 
1 sent to him at a later date, lielonged to this species. 

Specimen A was collected by the late Mr. L. F. Ayson, diii’ing 
the cruise of s.s. ‘‘Doto,^’ in 1901, at a station near the Maliia Penin- 
sula, on the east coast of the North Island. 

The colony,*^ which is of a pale ))rowm colour, consists at ])resent 
of a short stalk or sterile region, some 5-7 nun. in length, and a lobed 
polypiferous region. The stalk has a smootli surface, l)Ut is sonu^^what 
wrinkled; the proximal extremity of which is hollowed out as if to 
form the attachment to a shell or stone. The ])olypiferous region 
presents a short basal portion which soon divides into three ratlu'r 
flattened lobatc branches, lying in one plane ; each branch gives origin 
to a few short, broad, rounded lobes. The entire surface of this polyi- 
Icrous region is covered with '^anthocodia^’ (Hickson) or polyps in 
tho systematic sense. 

The greatest length of the colony is 37 mm., of which tho basal 
portion accounts for 12 jum. on one side; but it is much less on the 
other side where the first branch springs; it ha,s a diameter of 20 luni., 
and is nearly cylindrical; but as a piece has been cut off from one 
side for the purpose of transmitting to Dr. Hickson, probably this 
side was not so long as 12 mm., and presented a branch corresi)ondiiig 
to the one on the other side. 

The breadth of the i)olypiferous region is 40 min. across the 
branches. 

The coenenchyme is paler in tint than the anthocodiae: it is 
white and translucent; the anthocodiae arc very pale brown (possibly 
yellow in life), and when fully extended measure 2 mm.; most are 
completely retracted; others more or less incompletely. They are 
rather widely spaced, though towards the ends of the branches or 

♦ I cut off a part of the stalk and a branch from the left side to send 
to Dr. Hickson. 
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lobes they are much closer together, so that they nearly touch one 
another around the extremities of the lobes. 

The fully extended anthocodia is somewhat tub-shaped, being 
narrower where it springs from the coenenchyme, then swelling out 
in the middle and is again constricted just below the tentacles. The 
base is surrounded by rounded lobules, which project slightly from 
the ceoncnchyme, like a small ‘‘calyx’’; and on contraction these 
lobules close over the anthocodia. The tentacles have on each side 
a row of short, rounded, closely set pinnules. 

The column of the anthocodia is supported by spicules, which 
near the base have the form of long spindles disi)Osed horizontally in 
about six tiers ; above this the spicules are arranged in converging 
groups, as usual directed towards the tentacles, where they assume a 
longitudinal arrangement, passing up the ))ack of the tentacle in 
bundles. 

The spindle-shaped spicule is a long curved rod, ]jointed at each 
end, with laterally placed “ thorns" or sharp points along its length. 
These spindles measure from 0.1 G to 0.27 mm. iji length, with a 
diameter oi about 0.036 mm. 

In the coenenchyme the commoner form of spicule is a shoi-ter 
or long('r rod, with rounded ends and covered with roiinded knobs”; 
these vary from 0.12 mm. to 0.054. ; and even 0 01 mm. : the most 
ijumerous arc the medium sized. 

Specimen B . — This colony was collected by Hon. G. M. Thomson, 
in Tasman Bay, in the north of the South Island, during a cruise on 
ihe " Doto,” in 1900, in connection with the Fisheries Department. 
1 referred to it in a brief summary of the res\ilt^, printed in the 
Report by the Alinister of Marine; and T descril)ed it in the following 
terms; — 

“A handsome, Indian-red species of Alcyonium was obtained in 
Tasman Bay. It is attached to shells by a short, broad stalk, which 
bears a number of short j'ounded lobes or branches covered with 
])olyps, which are white, with an orange band just below the white 
tentacles. ’ ’ 

Its colour is still, after being 27 years in alcohol, of that “ Indian- 
red” colour that it had when it reached me in 1900. But the polyps 
are now yellow, due perhaps to the fact that the orange pigment 
below the tentacles has diffused during these years. 

It was of this colony that I sent a portion to Hickson and what 
i*emains here is too small for me to determine its shape ; it is a mere 
rounded irregular mass, for no doubt 1 sent the greater j)art to Man- 
chester. This fragment is now more contracted than is Specimen A, 
so that the anthocodiac are pressed tightly together, touching one 
another so that no coenenchyme is visible between them. The frag- 
ment seems therefore to be the end of a branch. Each of the antho- 
eodiae is surrounded by a short calyx-like cushion «at its base, which 
is evidently the same as the lobes referred to above, but exaggerated 
by the great contraction of the whole colony. 

The anthocodiac are yellow, with white tentacles; when <‘ully 
retracted each anthocodia is covered over by these eight lobes of red 
eocneneh>'me ; l)ut when only partially retracted, that is with the 
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tentacles partially withdmwn, these appear as eight white knobs 
within the red lobes. 

It was no doubt to these retracted polyps that Quoy and Gaiiiiard 
refer in tlieir account of the species; they did not sec the fully 
expanded tentacles. 

The colony is male; the white “sperniagems” being visible in 
some of the polyps, forced upwards no doubt by the strong contrac- 
tion, W’hen the colony was immersed in the j^reservative. 

The spiciiU's, which have a deep yellow tint, are of the usual tw^o 
forms — 

{a) Short, broad rods with very numerous stout, knobby pro» 
cesses, arranged apparently in whorls; they average about 
0.09 mm. in length ; 

(6) liongcr s])indles with thorns, the length being from 0.12 to 
0.18 mm. 

On the wall ol‘ the anthocodia these spindles are longer and 
stouter and are also curved, and attain a length of 0.5 mm. 

Sijccimiu Was collected more than thirty years ago in Dusky 
Sound, in the S.AV. of the South Island, by W. Docherty. 

Il is a creeping colony, growing round the stem of what appears 
to bo an Antipatharian; its colour is a yellowish-brown, a good deal 
(larlu‘r than Specimen A. 

It consists of a central portion, along tlic axis of the suppoit, 
and two unequal branches springing from the two sides at approxi- 
inately one-third of the distance from one end of the central region; 
these branches are swollen distally. 

The main axis measures 50 inni. with a diameler of 6 mm. near 
each extremity, but half this wddth in the middle and at the ])omt 
of origin of the lateral branches. One branch forms an angle of 
about 30° with the axis, and is 30 mm. in length, with a diameter of 
8 mm. near its rounded end. The other branch also arises at a similar 
angle: it is at first very narrow, but soon enlarges and swells out into 
a cylindrical mass of about 15 mm. long and 7 mm. wide, which is at 
rigid angles to its muTow basal region. 

The anthocodiac an* distributed all over the surface as in the 
other specimens, and arc much more closely arranged near the extre- 
mities, while ill the middle area they are more distant. 

The spicules arc of deep yellow' colour and have the same form 
as in the other two specimens. 

licmarl's . — Although it is impossible to be sure of the idcntifica- 
1i()]i of these specimens wdth Quoy and Gaimard^s species, since they, 
like otlK*r naturalists of the period, contented themselves with 
external features only (which we now know arc of little value) ; yet 
since the only species hitherto recorded from the waters of New 
Zealand is this one, which was obtained from the estuary of the 
Thames (North Island), the proliability is great that we arc dealing 
with the same species. 

*1. auraniiacum, as now described, differs from the Australian 
A. (ihd'idgei (Thomson and Mackinnon) as well in its colouration as 
in ils sjueulation ; for I find no club-shaped” spicules with one end 
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much wider than the other, such as these autliors' fiji^ire on PI. 67, 
fig. 4. 

The creeping colony from Dusky Sound differs also from A, 
reptms, as figured by the same authors, in that the anthoeodiae are 
much more closely arranged in the New Zealand form, as well as in 
other details. It differs from any of the species described from S. 
Africa and from those described on tlic “Challenger’’ Report; but I 
haA'e to confess that my library, and those to which I have access, do 
not permit me to make a complete comparison with other species of 
Ihc genus. 


Anthomastus Verrill. 

Anthomastus zealandicus sp. n. (Figs. 12-19.) 

This handsome Alcyonarian was collected by Lieut. Mckers in 
517 fathoms at a spot 21 miles north of Dou])tlcss Bay near the 
extreme north of the North Island. 

It is a deep carmine-coloured, mushroom-shaj)ed colony with very 
large i^olyps, of the same colour as the coenenchyme. 

The height of the colony is 30 mm., of which the cylindrical stalk 
or sterile region occupies' 15 mm. with a diameter of 12 mm. The 
ca])itulum’' is circular in outline and vei'y convex; its mai’gin is 
somewhat un<lulating owing to the presence of polyps near the edge: 
its diameter is 25 mm. and it overhangs the stalk by 4 mm. 

The capitulum carries only about two dozen large “autozooids,’’ 
a few of wdiich are J’ully expanded, though iluy have been comi)j'essed 
by the avails of the phial into which the colony was placed. Others 
arc inor(‘ or less retracted, and some fully so. When the tentacles 
ar(‘ iTtracted the}’ are incurved as in Alcyoniinn. 

The height of the extended anthoeodiae or polyps is 8-10 mm., 
and the diameter at their base 5 mm. Over the upper part of the 
('apitulum the}' are more widely spaced, being about 4 nun. apart, 
wdiile near lh(‘ margin, which is apparently younger, the}' arc nearer 
together, so as almost to touch. 

Th(' surface between these autozooids is entirely covered with 
the “siphonozooids,” which appear as small round pustules, each with 
a minute apical pore, the mouth of the zooid. 

The tentacles have one row of long narrow' pinnules along each 
of the sides, which are as long as, or even longer than, the width of 
the tentacle. • 

The base of the autozooid is surrounded by a circular cushion, 
standing up slightly from the coenenchyme. 

A portion of the surface of the capitulum was cut tangentially 
and the whole “ skin” is seen to be supported by long spindle-shaped 
spicules lying in all directions, with a dense superficial layer of short, 
lu’oad “ knobby” rods. 

The spicules are red, and the colour is not affected by boiling 
in caustic potash ; it is this colour which gives the colour to the colony. 
The short superficial spicules of the coenenchyme measure from 0.054 
to 0.07 mm. 
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Tlie spindles of the deeper layer measure from 0.36 to 0.6 mm. 
tlie majority are 0.5 mm. 

In the anthocodia the same two kinds of spicules are present, but 
(hose of the tentacles arc rather shorter spindles, from 0.27 to 0.45 
mm. in length. 

In tlie wall of the stomodaeum the spindles arc very much shorter, 
and are arranged in circles or transverse tiers, allowing the folding 
of the wall on contraction. 

On the stalk the spindles are disposed lengthwise and the short 
iviiobby rods arc ver}' denselj^ arranged; here the spindles have a 



Fu.s I2“10, \nthoma6tHS Zi({1an(h( 

12 — The entile colony (\ 2) The small circles between the large polyps are 
the siphonozooids. 

13. — The upper poition of an autozooid opened to show the manner of retrac- 

tion of the tentacles (x 4). 

14. — ^An ovary (\ 260). 

15— -An o\um much enlarged. 

16 — One of the throny spindles (x 260). 

17. — A knobby rod from the superficial layei of the coenenchyme (x 260). 

18. — One of the short spindles from the stomodaeal wall (x 260). 


length of 0.36 to 0 45 mm., and the knobby rods L'rom 0.054 to 0.07 
mm. 


Ill a longitudinal section oi* the colony each autozooid is found 
to be continued down the stalk to the base, as is usual in the family ; 
it ap])ears to be independent of other cavities except that near the 
lower end there are wide transverse canals putting the autozooids into 
communication. The cavities of the siphonozooids are also continued 
downwards for a long way, but I am unable to say how they terminate. 
There are no longitudinal canals such as are described by Moseley for 
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“A longitudinal section of the colony (x 4). The plane of the section 
passes through autozooids at different levels; in the centie it almost 
bisects one, and the tentacles are seen indexed, the lower end of the 
stomodaeum has escaped from the section; right and left are auto- 
zooids in which the tentacles are not involved, but the stomodaeum is 
present; some others partly appearing in the section show the termina- 
tion of the stomodaeum. Some of the siphonozooids contain ovaries. 
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Sarcophylum, but the entrances o£ transverse canals can be seen in 
file walls of the siphonozooids. 

The stomodaeuin of the autozooid is very long and tapered; it 
consists of two regions, — (a) the much longer upper region which ]S 
highly muscular and on contraction is tlirown on to a series of close 
iolds or pleats; and (h) a short noii-muscular narrow' tubular region 
at the lower end. 

On the contraction the tentacles are not merely withdrawn into 
the body but are inflexed with their apices directed downwards 
towards the stomodaeum. 

The siphonozooid has a short simple tubular stomodaeum, sus- 
I^ended by eight mesenteries, of which however only four reach to its 
lower end, and only two are continued down the whole length of th(‘ 
zooid. 

In several of these siphonozooids there are ovaries, which art* 
absent in the autozooids, and in this feature the colony differs from 
Harcophyimn. Each ovary has the form familiar in Alcyonium — a 
bunch of eggs of increasing sizes. Each egg is envcloj)od by a distinct 
unilaminar investment or follicle of flat ct'lls, outside which are rounded 
cells of larger size which seem to be merelj’' adherent and do not form 
a deflnite layer. These cells are granular and colourless, but contain 
one, two or sometimes three shining red granules ; similar colls block 
the mouths of the siphonozooids, and T take them to be Zooehlorcllac. 

Remarks: In the fine account of the structure of Harcopliyfum by 
Moseley (1881, p. 117, Pis. 1,2) the autozooids are referred to as tlie 
sexual zooids’^ and the siphonozooids are contrasted therewith as 
non-scxual; Wright and Studer in their Roi)ort on the Aleyonaria’^ 
(1889) state that Harcophyfum purpureum Dan. and Kor. has 
siphonozooids which bear the sex-organs, and they therefore place 
this species in the genus Anfhoma^stus Verrill. The red spicules, the 
shape of the spicules as well as the sexuality of the siphonozooids 
which I des(Tibe for the present species, agree with their account of 
the two species of Anthomastus described in that Report. 

Hickson (1900, ]). 74) stated that he considered the facts insuffi- 
cient to separate the genus from Harcophyt^im, but in 1904 (p. 217) 
accepts Verrill's genus and redescribes A. grandiftorus. 

Anotlu'r fc’ature in which the present species differs from Snreo- 
phytum is in the absence of longitudinal canals which serve to connect 
the various zooids. Further, Moseley states that the tcnitncles an* 
pulled downwards when the autozooid is contracted and so figui’Cs 
them, as does Pratt (1903) for Hclerophytum (pi, 30, fig. 22), 
whereas in the New Zealand species they are inflexed, and the apices 
arc directed downw^ards. 

It may be mentioned that in A. canariensis and in A. steensfrnpi 
the autozooids are, as in the present species, few and largo (sec Chal- 
lenger Report, 1889). 

The figures given of the spicules in the species of SarcophyUim 
in that Report, as well as in other accounts, show that the ‘^spindles^’ 
are not much longer than the 'Mcnobby rods,^^ whereas in Antho- 
mastus they are a good deal longer; though in none do they reach the 
great size shown by Hickson (1900) for S. trochiforme from South 
Africa. This species I should have referred to the genus Anthomastus, 
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but he prefers to regard it as intermediate'^ between the two 
genera, though he gives no details of anatomy which will onalde us to 
decide the matter. 

As to the shape of the colony, although the mushroom sliapc was 
formerly regarded as almost diagnostic of the genus Sarcophiftum, yet 
as Pratt has shown, this shape may occur in the young tbrms of Loho- 
phylum and of Sclcrophytvm. Anthomastus has usually the form of 
a rounded polypiferous region, and I am not aware that hitherto any 
species has been described with the very definite mushroom form of 
the present species. All of which indicates how difficult, if not impos- 
sible, it is to allocate the species of these animals to their real geiKTa 
from external form alone, and ilhis1i*ates thc‘ necessity of examining 
the finer anatomy. 

Anthomastus phalloides n. sp. (Figs- 20-24.) 

A single colony was obtained by lion. G. M. Thomson during 
the experimental fishery cruise in the U.S.V. Ilinemoa," in 1915. 
Unfortunately neither the exact station at which it was (Iredgcd nor 
Ihc depth was noted, l)ut it seems ymobable that it was somewliere in 
Foveaux Strait. 

The specimen had been forced into a jdiial loo small for it, with 
the result that it is somewhat distorted; it is abruptly bent near its 
base, and at one point was rnidured, but by (uireful mani])ulation I 
was able to make the following measurements. 

The colony is finger-.shaj)ed, pale yellowish in (‘olour, and consists 
of a short sterile stalk juid a long polyi)irei‘ous region. The surface 
of the stalk is smooth, though somew^hat w' rankled by contraction ; it 
measures 12 mm. in length, and has a diameter of about 17 mm. But 
this is not its real length, for on cutting down the stalk 1 found that 
the cavities of th(‘ various })o]yps opened at the lower surface and 
that sand had entered for a distariee of smm^ 7 mm. in the eavities. 
iJenee the pre.scmt base of the stalk wdrieh is eoncave and ap])(‘a]’ed 
to reirrosent the Irnse of attachment is in reality a cut siirface, which 
has contracted in th(' centre and produced this concavity. 

The poiy])iferous region, which is very distinctly marki‘d ofi li’um 
the stalk, is 25 mm. in length and 12 mm. in diameter at its base, 
ta])cring slightly to 8 mm. near tlu' rounded apex. Tire texture is 
firm and hard, and the surface between the autozooids is much 
wrinkled with narnnv deep furrows running round the eirenmferenoe, 
midulating and irregular, marking out ridges -which widen and 
shorten or oAcn disappear, so that the whole surface appears (*orru- 
gated; it is on the widened pai'ts of these ridges that the mouths of 
the siphonozooids are situated. 

The autozooids arc long, colourless and retractile, and widely 
spaced ; they attain a length of 4 mm. from base to tips of the ten- 
tacles when extended. The column is transparent and has no spicules 
in its wall ; some arc fully extended, others in various degrees of 
retraction. 

The spicules of the polypiferous region are of the two types — {a) 
short, knobby rods from 0.05 to 0.074 mm. in length; and (b) Thorny 
spindles of from 0.16 to 0.25 mm. 
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The knobby I’ods are so densely packed that it is difficult to 
detect the spindles through the screen formed by them. 

In the stalk, at any rate in the outer layers, there are no spindles, 
but the knobby rods are here, too, very dense, and some of them are 
longer than in the upper region, attaining a length of 0.09 to 0.1 
mrn., but in the deeper parts of the colony as seen in a vertical section 
spindh's are found, which arc disposed parallel to the axis of the 
zooids. and are longer than those nearer the surface. 

In the louver port of the polypiferous region the autozooids are 
about 5 nini. a])art ; in the upper part they become closer, till they 
are separated by only 2 mm. 



Figo 20 — 24, A'nthov^asUi^ phallotdcs 
20 — The colony, iinnatiirallv bent (nat. size) 

21 —A poition of the surface of the coenenchyme (x 4). The small dots in 
the corrugated areas between the autozooids are the mouths of siphono- 
zooids 

22— A thorny spindle fiom the polypiferous region (x 260). 

23 — Knobbj rods or ‘‘double crosses” from the superficial layer of the coenen- 
chyme (X 260). 

24 — Spicules of various sizes from the stalk (x 260). (a) A double cross; 

(&) a knobby lod, (c) a thorny rod 

There is no “cushion’^ at their base, the wall of the polyp pass- 
ing directly into the coenenenyme. 

Large spherical objects, which at first I supposed were ova, 
occur in several of the siphonozooids, but sections show them to be 
hollow spheres with a wall composed of several layers of minute cells; 
they are no doubt a stage in the development of spermatozoa to which 
name “spermagems^’ has been given. They have been forced upwards 
into this position by the strong contraction when placed in the pre- 
servative. 

The colony bears considerable resemblance to Acrophytum 
claviger Hickson (1900, p. 74) ; this, however, possesses club-shaped 
spicules, much broader at one end than the other, which tapers to a 
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])oint, and spicules are stated to be rare in the deeper parts of the 
colony. Of Alcyonium sarcophytoides Burchardt, Stuart Thomson 
U921, p. 157) gives a description of a colony which seems to have a 
similar form, but siphonozooids have not been definitely recognised 
therein. 


Spon(jioi)erma Kollikcr. 

Spongioderma (?) vickersi n. sp. (Figs. 25-31.) 

A portion ot* an arborescent colony of a pale colour, consisting 
of a cylindrical stem, bearing short branches, with non-retractile 
polyps, the whole densely covered with spicules which project from 
the surface and render it rough. 

It was collected by Lieut. Vickers, of H.M.C.S. ‘‘ Iris,^' in 517 
fathoms, at a station 21 miles north of Doubtless Baj", on the east 
coast of the North Island. 

The cylindrical stem measures about 80 mm., but it had been put 
into a phial too narrow and too small Tor it, so that the stem is bent 
and some of the branchh'ts are broken off. This stem after bearing a 
short branch s('t on each side, each of about 12 mm. length, bifurcates 
into two similar bi’anchlets at its termination. At the point of bifur- 
(*ation the stenn is broadfjiuHl out and flattem'd, tlu* diameter of the 
stem being 3.5 mm., and the broader ])or1ion 8 mm. 

At the end of‘ tliese branchlets the ])olyps are clustered together, 
I)Ut along the stem they arc less crowded and irregularly spaced; they 
are of unequal sizes and the smaller are interspersed among the larger, 
lliough there is not much difference in the dimensions. The polyps 
are compai'atiM'ly short and stout, measuring from 3 mm. to 4 mm. 
ill either direction; each is slightly enlarged just below the tentacles, 
and the eff(*ct is enhanced by a constriction immediately below these, 
tollowed b} a thickened rim at the ujipcr end of the column. The 
tenta(*les are in every cast* more or less retracted, that is “ intumed,’’ 
but the bases ar(‘ v(»rj [n*ominent and separated from each other by 
dee]) furrow^s, so that at first one is led to suppose that the tentacles 
are in some instances fully extended. 

A dissected polyp shows that it is only the tentacles that are 
retracted, this region being withdrawn for a very short distance into 
the upper part of the column, and so causing the circular rim above 
referred to. The stornodaeum is wide and extends about halfway 
down the polyp body; it has a thin wall, is without spicules and with- 
out muscles, except llic strong circumoral vsphincter; its wall is thus 
not pleated, but hangs straight down. 

The inturned tentacles show 4-6 pairs of long and narrow^ 
pinnules. 

The stem is composed of a superficial cortex or ‘‘ sarcosome^' 
investing very closely the central medulla or '^axis.’’ Between the 
sarcosome and the axis is a series of wide, shallow canals, running 
longitudinally; each is surrounded by mesogloea, but owing to the 
poor preservation I can detect no cellular lining. These canals are, 
however, continuous with the cavities of polyps, as is seen in a dis- 
sected specimen. The individual polyps are not directly connected 
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Figs. 25 — 31, Spongioderma (?) vtckerst. 

25— A portion of the colony (x 2). The apparent ‘‘tentacles*' are in reality 

the bases of the inturned tentacles, with deep furrows between; in 
none of the polyps are they extended. 

26 — The upper end of a polyp (x 6). The whole surface is roughened by 

projecting ends of spicules, 

27. — bisected polyp with two younger ones and a cross-section of the stem 

(x 6). Details are somewhat diagrammatic; the indexed tentacles; 
the oral sphincter and the extent of the stomodaeum are seen; as well 
as the communication of the polyp cavities with the longitudinal sub- 
dermal canals of the stem. 

28. — A portion of a transection of the stem (x 26), showing the “sarcosome** 

with its subdeimal canals. 

29. — ^A spicule from a tentacle (x 40). 

30. — ^A spicule from the wall of a polyp near its base (x 40). 

31 — 0 , b, c: Spicules from the stem (x 40); the main mass consists of types 
like that labelled h. 
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with one another, ])nt each springs from one of the canals, whicli 
])ossibly branch as they run along the stem; but I did not follow them 
out. 

The entire surCace of the colony, the polyps and the tentacles, is 
roughened by the projecting points of spicules, which are very densely 
arranged and crowded together to Lorrn a sort of armour. Even the 
projecting points arc covered with a thin stainable membrane, the 
mesogloca, but the ectoderm had disappeared. 

The spiculation differs somewhat in different parts; the column 
is provided with short, stout, round-ended rods with many rounded 
knobs. These spicules, though arranged rather irregularly, in the 
upper ])art of the column, tend to take on a longitudinal position; 
'^orne of these project from the surface. Besides these, there are some 
s])indle-shaped, or even Ixm^-shaped, spicules. 

.Vbovc the subtentacular constriction the spicules become longer 
s])indles, with thorny [)i*ocesses, and become disposed in converging 
groups directed towards the bases of the tentacles, the outer surface 
of which is supported by very long spindles, arranged, of course, 
huigthwise, tlie ])oints projecting considerably b(\vond the bases of 
the inturned tentacles. 

On the stem, the sii])erfieial “sarcosoin(‘'’ presents a coating of 
i4)li(iuely and irregularly-disposed, short, knobby spicules, very 
<lensely fitted together, and below them oceur longitudinally-disposed, 
long, thorny si)indles. 

The medulla or central axis eousiNts (‘iitirely of spicules cU'iisi^ly 
aggregated and with very sparse mesogloea; it presents no canals, but 
a Tow small sul)-eircular spaces occur tow^ards the centre, which I 
fake to be due to spicules having dropped away. 

The spicules ai’c rather moi'e loosely ])Heked towards the centre 
dian peripherally, the.y are disposed both longitudinally and concen- 
trically; spindles and knobby X’ods are present. 

When boileil in ])otash, these two sorts are found to be accom- 
panied by spicules of intermediate eharueter, but the most numerous 
are long s])indles with thorny ontgrowths, and the short knobby rods. 
Taking the spicules from all parts of the colony, they range from 0.25 
to 0.72 mm. in length, with a diameter varying from 0.036 to 0.07 
mm. 

Remarks: It is evident that this species belongs to the sub-family 
Spongioderminae in which th(‘ axis is devoid of ‘'solenia’' or canals. 
In the text books and other literature available I can find only three 
genera allotted to this sub- family; and from the diagnosis of Spongio- 
derma, as given by Wright and Studer, it agrees most closely with this. 
It is certainly neither Titanidenm nor Jciliyoryia. The onl\' s])e(*ies 
of Spongioderma that is mentioned in the ‘Thallenger” Report is 
N. verrucostm Mobius, from Algoa Bay; and in it the polyps are 
‘‘retractile into the calicos.’’ It is therefore with much hesitation 
tliat I place the new species within the genus ; for in it the polyps are 
(^ertaiiily not retractile ; only the tentacular crown is partially with- 
drawn into the column of the polyp. But without literature, and with 
but very little knowledge of the group, I leave it here for some 
authority on the matter to place it in its proper genus. 
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Food Values of New Zealand Fish. 

Part 9: Tinned Toheroa and Toheroa Soup. 

By John Malcodm, M.I). 

INt'ud before thr Ot(i(fo Institute, Hth November, ti)27 : received by Editor, 
2nd February, 1928: issued separately, 

May nth, 1928.^ 

Tut: toheroa {Am phidesma vcntricosimf Gray) is a bivalved mollusc 
found in the tideway' of eei’tain lonj^ sandy bcaclies, especially in 
the north(‘rji part of the North Island (J). 

Unlike tlie oyster its double shell does not retain sea-water loiif' 
enough to allow of it being marketed at a distance, but in recent 
y(‘ars the shell-lish has been successiully eanm^d, and has ])eeonie 
widely known as lonning the basis of “ t()liei‘oa sou[>. ” 

( 'OMPOSITIOX. 

Since it was uidilu‘ly that lh(‘ composition would i)rovc to differ 
much from tliat of the i)aua, oyster, or other slielltish, no systematic 
analysis was made, but eiTtain data luid to be obtained for the 
vitamin ex})criments w'hich form the jnaiu part of this papiu*, and 
these arc mcntioiuHl hero. 

The tinned tohcj'oa used (“Shell brand” — put up l)y Meredilh 
llros., Tikinui) was found to luive 74% water, 2.57% ether extract, 
and 1.57% asli. The ether extract was of a rich green colour, and 
showed a marked spectrum of chlorophyll. The tinned soup (Tiki- 
Toheroa medicinal broth, Xorthern Uanneiaes, Ltd., Auckland) had 
between 9 and 10% solids of a similar green a])pearancc to the fore- 
going. 

Vitamia\-A Uoxtext. 

Methods: The contents of the till wxre minced, and a weighed 
(piantitj^ mixed wdth starch to form a leavcm, w^as dried for some 
hours in a moderately warm oven. The weight was then made* up 
with starch and extracted casein to that of the quantity of toheroa 
taken, or to some round figure. The whole was then grciund to a line 
meal and given as a supplementary ration to rats suffering fi^om lack 
of vitamin-A. The basal diet on which these rats were otherwise 
ted consisted of extracted casein, rice-starch, hardened vegetable oil, 
“marinite^' (vitamin B), salts (Mc(V)llum\s mixture), and oxidized 
cod-liver oil (vitamin D) (2). 

This method of feeding the material as a fine nw^al w%ns adopt(‘d 
to secure uniform mixing, for the visceral part of the shell-tisli is 
I>robably much richer in vitamins than the mass of the adductor 
muscle.* The method is open to objections in that d(‘Struction of the 
vitamin is likely to take place during the drying in air, and, secondly, 
in that, wdien several rats occupy one cage, uneven distribution of the 
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combined daily ration may occur. In spite of tlicse sources of loss 
or of irregularity, the results were positive and uniform as shown 
by the curves of growth. 

In order to provide a basis for assessment of the amount of 
vitamin-A present in the different quantities of toheroa, the rations 
were given daily for a period of ten days (except in one case) and 
the observations on weight, eye, and other symptoms were continued 
till death occurred. In this way one obtains some idea of the amount 
of vitamin available for storage during tlie feeding period as well 
as for growth. In order to allow the rats to make the most of the 
material, the cages were not cleaned for some time aitei* th(» dieting 
was begun, so that, if they chose to do so, they could eke out their stored 
vitamin by consuming some of their faeces. As the cages contained 
sawdust and fine shavings as bedding, no disagreeable odoiu* was 
detectable. They were probably under more natural and more com- 
fortable conditions than when kept in dail.\ scrul)bcd metal cages 
without bedding and under what we would consider more hygienic 
conditions. It should also be mentioned that the stock rats from 
which tlie litters used were bred are kept on a diet of wheat and 
receive kitchen scraps twice weekly. Basal diet is begun before the 
young are weaned, usually about the 20th da^ . 

Results: Litter Al, six rats, were given basal diet on the 24tli 
day and were weaned at 28 days. They were separated into three 
groups, I, II, and III. Only the giwth curve of Al, II, is shown 
(Chart 1). This group consisted of two does. By the 96th day of 
age their eyes were noted as beginning to l>e affected and their 
weights were falling. Line A-A on Chart 1 marks the 105th day. 
Both then had distinct eye-symptoms such as haemorrhagic and con- 
gested eyelids, and photophobia. As indicated on the chart they 
were then given toheroa meal at tlie 2.0 gm. level for fourteen days. 
After a week on this the eyes wore inqiroved, and by the 9th day 
were quite cured. The weights inci’Cased and continued to rise for 
a fortnight after the dieting ceased. Then eye-symptoms recurred in 
one about the 145th day and she died wdien *167 days old. The other 
showed slight eye-symptoms about the same time as the other, but 
lived to the 190th day — ^the end of her growth curve is not shown on 
the chart. 

Group Al, I, consisted of a buck and doe. Both developed eye- 
symptoms earlier than Al, II. They were given toheroa at the 1.0 
gm. level, but the treatment was begun too late in the case of the 
buck, and he died four days after the treatment began. The doe 
gained weight (26 gm.) and the eye-symptoms cleared up. She was 
shown at a medical congress and died tw'o days later, probably from 
pneumonia. 

Group Al, III, consisted of two does. They had a history of loss 
of weight and eye-trouble very like that of Al, I and II. They were 
giv(‘n 0.5 gm. toheroa each, and show^ed an increase in weight (20 
gins, in one, 14 gms. in the other) with cure of eye-symptoms which 
liad been well marked in one, but only slight in the other. T^nfor- 
lunatcly, they had to be shifted to new" quarters during the experi- 
ment, and both died soon afterwards. Their weight curves resemble 
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that of Be, I, in (^hart 1, in that the increase was not well maintained 
after dieting ceased. 

Litter Be consisted of ten rats. They were given basal diet when 
20 days old, and were weaned on the 28th day, and divided into 
groups, viz.: — Be I, four bucks; Be II, tour does; Be III, two docs. 

During the ninth week after weaning, they began to show eye- 
symptoms and to lose weight. Line A- A ((^hart 1) indicates the 9()th 
day of age for this litter. All the groups were then at a suitable 
stage for commencing the toheroa diet, and in each ease it was con- 
tinued for ten days, to line B-B in the chart. 

Be, I : The four giwth-curves of this group were so close together 
that, for the sake of clearness, the two lower ones on the chart have 
been dropped uniformly 5 grm. The dose here was equivalent to 
0.5 grm. tinned toheroa to each rat. By the end of six days the eyes 
had greatly improved and the weights had increased. A few days 
after the toheroa diet was stopped they seemed perfectly normal in 
every way, but within another fortnight the eyc-syniptoins returned, 
the weights fell and they died at 1*18, 140, 148, and 145 days old. 

Be, IT — received 1.0 grm each : In this case the eye-sym])toms 
cleared u]) in the ten days of special dieting and the wt‘ights rose 
rapidly. They continued to grow or maintain their weight for about 
three weeks after the dieting ceased, then eye-symptoms returned 
while they were still apparently well, and then the W(*ights began to 
decrease till they died or were killed at the following ages in davs: 
147, 149, 150, 152 (K). 

Be, III — received 1.5 gm. each: In these two doe rats the eye- 
symptoms, which were marked in one, slight in the other, improved 
and disappeared almost simultaneously with those of Be IT. Their 
weight increased more and was better maintamexi than in the case of 
Be, II, but on the whole the difference doi's not seem to be i)ro])or- 
tional to the difference in dosage. This j)r()l)ably moans that iicai-ly 
the maximal amount of storage took jdace when 1.0 gm. w’as given. 
The rat that originally showed only slight eye-symptoms died with- 
out developing any more eye-trouble — the other had a rcuauTence. 
They died at 138 and 144 days. The tin of toheroa used for litter A1 
was several years old, that used for Be was at least one year old. 


TiKr-ToHKUO\ Mkdicinvl Broth. 

This material as its name indicates is a concentrated toheroa 
soup. It was made into a meal and used in the same way as deserib(‘d 
tor the \rhole toheroa, but in order to make a comparison the com- 
position of the meal was so arranged that it had the same amount 
of toheroa solids as in the other case. Only one litter (Bd) was used, 
the groAvth curves of which are shown on Chart 2. 

This litter consisted of five rats and was divided into two groups : 
Bd, I, two bucks; and Bd, II, three docs. Basal diet began on the 
20th day, and they were weaned on the 32nd day. By the end of 
six weeks from weaning the weights were stationary and eye-symptoms 
had begun iu the form of congested zones round the eyes with haemor- 
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rhagic secretion, and photophobia. The toherou soup-ration was then 
given for ten days beginning at A- A in Chart 2 when the rats were 
74 days old. 

Bd, I, received tlie oquiA'alent of 1.0 giin. toheroa, find showed 
rapid impi’ovement in eyes, in weights, and in general hcaltli. In 
a fortnight after eominencing the toheroa sou]j, the eyes woxild i)ass 



Ch \Rr 2. — Effects of adding different amounts of tinned toheroa soup during 

Ijeriod A to B. 


I'or normal, and the animals were plump and lively, but two weeks 
later the eye-symptoms I'ecurred and the weights icll. Tliey died 
with typical symi)toms of avitaminosis at 130 and 137 (la>s. 

Bd, II, received 1.5 gm. and showed similar recovery of eye- 
Svmi)toms and growth. One of the three made quite a remarKable 
i*ecovcry from what seemed a hopeless eonditiou. The effect on the 
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growtli-curves of this group seems less than in the case of Bd, I, 
which received the smaller dose, but this is probably due in part 
to the difference in the sexes, Bd I being bucks, and Bd II, does. 
Tlicse rats diixl at 113, 130, and 137 days. Unfortunately, circum- 
stances did not allow of a further test Avitli smaller quantities of this 
material. 


Discussion and Conclusions. 

From the earlier work on vitamins, tinned foods in general have 
been somewhat hastily judged to be deficient in all vitamins. In 
regard to vitamin-A the truth appears to be that, if the material is 
rich in this vitamin, the canned product still retains much — one would 
hesitate to say all — of the vitamin originally present. The experi- 
ments described above certainly indicate that toheroa when tinned 
whole, or even when made into a soup and then tinned, can supply 
as much vitamin-A as the rat can utilize when fed at the level of 
1.0 to 2.0 gm. daily; even 0.5 gra. produces good results. While these 
experiments were in progress similar work was being done on Stewart 
Island oysters, both fresh and tinned, and, on the whole, the toheroas 
were the richer of the two, although both are valuable .sources of 
vitamin-A. This may be related to the richer content in chlorophyll 
in the case of toheroa, and may indicate more of a phytoplankton 
diet as compared with a more zooplankton diet for the oyster. 

The writer again begs to acknowledge with thanks the financial 
aid of a grant from the New Zealand Iimtitute: thanks are also due 
to Miss Earland for her services in attending to the rats. 
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Otoliths of Fishes from the Tertiary Formations of 
New Zealand, and from Balcombe Bay, Victoria. 

By (t. JI 1 .LAN Frost, F.L.S., F.Cl.S., F.Z.S. 
Communicated bj' II. J. Finlay, D.Sc. 

IKrml hrfoic the OtUffo Institute, 6th December, 1921; received by Editor 
i2nd December, 1921 ; issued separately. 

May 11th, 1928.] 


Tin: I'ollowiii^ is a destMaplion of a (‘olle(*tiou of fossil otolitlis. 
I’eeeived from J)i*. II. J. Finlay, of the University of Otaj^o, to wJiom 
I am also indebted for a list of the formations in tlioir proper 
sequence, and the estimated a^es of the beds from which they were 
olitained. These are as follows: — 

OiorAHXN. Oligocene. 

Waikaia. 

Wliarekuri. 

Clifden (bands 4 and 6). (? Probably basal Hutch insonian.) 

Hi 'J< \>. Oligocene or lower Miocene. 

Clifden (band 7). 

Otiake. 

Lou i.u Aw \ MO v\ Miocene. 

Clifden (band 8) 

Target Gully. 

Ardgowan. 

Uppi'K Axvamo\> Miocene. 

Awanioa. 

Pukeuri. 

Rifle Butts. 

There arc 5 new forms of otoliths, of wdiich 4 belong to the 
family Congiddae, and one is referred to the Cottidae; there is a good 
example of Elops miocaenieuH Frost, and eleven other species from 
Xcw Zealand and Iw’o from Victoria, corresponding witli forms 
which have been described from the tertiaries of Kurope. 

As has been previously pointed out, the value of fish-remains 
from a stratigraphical point is necessarily slight, and this is especially 
so in the ease of otoliths, owing to the persistence of the separate 
forpis throughout the different epochs. It is, however, of interest to 
note that of the eleven species corresponding wdth European tertiary 
forms, only 1 has been described from the Pliocene, 7 from the 
Miocene, 4 from Oligocene formations, and 1 only from the Eoeeni‘. 

The accompanying cliart shows the formations in the ascending 
^eale, the occurrence of species now described is indicated by a cross, 
and if figured in a previous paper by a double cross. 



S>tkatigkaphical Akraxgemekt, showing incidence of occurrence. 
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Otolithus (Congeris) wharekuriensis ii. sp. (Pig. 1.) 

Description. — Diinensioiis 9X6 mm. Shape elliptical, biconvex, 
dorsal rim domed, ventral rim curved, posterior rim pointed, anterior 
rim rounded. Sulcus wide, undivided, oblique, 0 [)en on anterior part 
of dorsal rim, eauda witli rounded end, does not approach posterior 
rim. 

Material. — 16 examples Wliarekuri, 8 ex. C^ifden, band 6a, 6 ex. 
Otiake. 

Distribution. — Lower Miocene or Oligocene of Wharekuri and 
(3ifdcn. 

Remarks. — Resembles Otolithus contjeris papoinfi Priem described 
from the Eocene (Ypresian) of Jlerouval, France {Ridl. Soc. Geol. de 
France, vol. 6, ]). 274, 1906). It diilPers in the more elongated shape, 
jji the undivided lower line of the sulcus, and in the pointed posterior 
rim. 

Otolithus (Congeris) rectus n. sp (Fig. 2.) 

Description. — Dimensions 6 mm. X 31 mm. Sha])e ovate, 
elongate, biconvc'x, doi’sal rim low, straight, forms rounded angle with 
the oldique anterior rim ; venti*al rim curved, posterior and anterior 
rims obtusely y)ointed. Sulcus oblicpie, undivided, open on anterior 
part of dorsal rim. 

Material. — 2 ex. Otiake, 1 ex. (lifden band 4r>, 4 ex. Clifden band 
Cr, 1 ex. Flifden band 7P>. 

Distribution. — Tjower Miocene or Oligocene of Otiake and Flifden. 

Remarks. — This si)ecios resembles Otolithus {(^ongeris) whar(- 
kurensis in the sulcus; it differs in the low straight dorsal rim and in 
the ])osterior rim. The shap“ is more elongated, and the i)osterior of 
the otolith is narrower than the anterior jtart. 

Otolithus (CongTidarum) clifdenensis n. sp. (Fig. 3.) 

Description. — Dimensions 7 mm. X b Sha])e irregular, 

highest anteriorly, biconvex, dorsal rim flat medially, oblicpie in its 
anterior and posterior parts, ventral rim dee|)ly keeled anteriorly, 
oblique posteriojdy, jm-ittuMor rim obtuse, anterior rim oblique, with 
blunt angle. Sulcus straight, parallel with middle of dorsal rim, ends 
iKNir the centre, ostial part shallow and ill defiiu’d. 

Material. — The holotype, Clifdmi, baud 6A. 

Distribution. — Lower Miocene or Oligocene of Flifden, New Zea- 
land. 

Remarks. — The shape of the otolith resembles that of tlu' recent 
genus Conqermuraena in the anterior depth of the venti’al rim: it 
differs in the dorsal rim, also in the sulcus which is similar to that 
of Uroconger. 

Otolithus (Congridarum) ornatus n. sp. (Fig 4.) 

Description. — ^Dimensions 4 mm. X 24 mm. Shape ovate, 
biconvex, dorsal rim low, irregular, ventral rim keeled anteriorly^ 
l)Osterior and anterior rim bluntly pointed, with ])raesulcal area ; 
sulcus broad, curved and short, ostium distended and enclosc'd 
anteriorly, with narrow opening to anterior part of dorsal rim. A 
band extends from the ostium along the ventral and posterior rims. 
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Material — The unique holotype from Clirden, band 6 A. 
Distribuii&n. — Lower Miocene or Oligocenc of CTifden, New Zea- 
land. 

Remarks. — Resembles the otoliths of Otolithus (Congcris) whare- 
kuriensis in general ; it differs in the irregularity of the rims, especial- 
ly in the anterior depth of the ventral rim, also in the curved sulcus 
and in the praesulcal area. 

Otolithus (Dentex) aff. subnobilis Sch. (Figs. 5, 6.) 

Description. — Dimensions 3} mm. X mm. Shape ovate, sulcus 
straight, ostium .small, cauda long, pointed, does not reach posterior 
rim. 

Material — 3 ex. Wliarekuri, 1 ex. Ardgowan. 

Distribution. — Lower Miocene or Oligocenc of Wharekuri, 
Miocene of Ardgowan. 

Reynarks. — Dcscril)ed by Schubert from the tertiaries of Austro- 
Jlungary (Jahrb. (hr K.K. Geol Rcichsansf, vol. 56, p. 263, 1906). 
Also by Priem from the Miocene (Burdigalien) of Martillac and 
Loognan, S.W., of France {Bull Koc. Geol de France, vol. 14, p. 263, 
264, 1914), and from AVaikaia, Ardgowan, and Pukcuri, New Zealand, 
by Frost {Transaction'^ of the New Zealand Tnsiifuf(, vol. 55, p. 613, 
1924). 

Otolithus (Monocentris) Lemoinei Priem (Figs. 7, 7a.) 

Description. — Dimensions 9 mm. X 7 mm., 8 mm. X 7 mm. 
Material — 3 large examples. 

Distribution. — Eocene of Balcombe Bay, Victoria. 

Remarks. — ^Described from the Eocene of Reims by Maurice 
Leriche (Ann. Soc. Geol du Nord^ Tome 37, j). 246 ; PI. 6, figs. 7, 7a, 
8, Lille, 1908). 

Otolithus (Percidarum) plebejus Koken. (Fig. 8.) 

Description. — Dimensions 4 mm. X 2^ mm. 

Maiey'ial — 2 examples (difden band 6A; 6 examples CTifden 
band 60. 

Distribution. — Lower Miocene or Oligoecne of Clifden, New 
Zealand. 

Remarks. — Described by Koken from the Middle Oligocenc of 
'Waldboekelheim. {Zeit. d. dent. Geol. Gesell.^Bd. 43; Taf. 10, 
Fig. 1). 

-Otolithus (Percidarum) frequens Koken. (Fig. 9.) 

Description. — ^Dimensions 4 mm. X mm. 

Material. — 5 examples Otiake; 6 examples Clifden, band 6C. 
Distribution. — Lower Miocene or Oligocenc of Otiake and Clifden, 
New Zealand. 

Remarks. — ^Described by Koken from the upper Oligocenc of 
Sternberger Gestein {Zeit. d. dent. Geol. Oesell, Bd. 43; Taf. 8, 
Fig. 4). 
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Otolithus (Fercidaram) all. augustus Frieni. (Fig. 10.) 

Description. — Dimensioii.s 3^ mm. X 2 mm. 

Material . — 1 example. 

Distribution . — Miocene o£ Target Gully, New Zealand. 

Described by Priem trom the Lutetien (Middle 
Kocene) of Le Boi.s-Gouet, Loire Inl'^rieure {Bull. Hoc. geol. de 
France, vol. 13, p. 155; fig. 7, 1913). 




<}. Mian Frost del. 


Fid. ]. — OtoWTius (Congens) wharckiirieusis n. sp. X -• 

Fid. 2. — Otolithus {Oongcris) rectus n. sp. X 2*. 

Fid. 3. — OloUthus iCongridorum) cltfdenensis n. sp. X 2^. 

Fig. 4. — Otolithus Icongridarum) omatus n. sp. X 4. 

Figs. 5,6. — Otolithus {Dentex) aff. suhnohilis Schubert. X 4^. 
FwiA. 7, 7 a.. —-Otolithus {Monoeentris) Lemoinei Priem. X 2. 

Fig. 8. — Otolithus {Percidarum) plehejus Koken. X 4. 

Fig. 9. — Otolithus {Pcrcidarum) frequnis Koken. X 4. 

Fig. 10. — Otolithus (Percidarum) aff. augustus Priem. X 4J. 

Fig. 11. — Otolithus iScopelus) pulcher Prochazka. X4i. 

Fig. 12. — Otolithus {Coitus) otiakensis n. sp. X 8. 

Fig. 13. — Otolithus {Pleuronectidarum) splendrns Schubert. X 6. 

Fig. 14. — Otolithus {Holea) Kokeni Bass & Schubert. X 7. 

Fig.. 15. — Otolithus {Elops) miocaenicus Frost. X 3J. 


Otolithus (Scopelus) pulcher Prochazka. (Fig. 11.) 

Description . — Dimensions 3i mm. X 2 mm. 
Material. — 2 examples. 

Distribution . — ^Miocene of Ardgowan, New Zealand. 
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Remarks. — I)cs<*rib(»(l by Proeliazka from the Miocene of Seelo- 
wit55 in Mahreii {Sitznngsbcr d. hohm. Franz-Josepli Akad., 24, Prag. 
J893), by Priein from the Pliocene of d'AIeria, Corsica {Bull. Soc. 
geol. de France, vol. 11, 1911), and by Bassoli from the Miocene of 
Monte (ribio, Italy {Uiv. Ifal. di Paleont., Anno 12, Fasc 1, p. 50, 
Perugia, 1906). 

Otolithus (Scopelus) sulcatus Proehazka. 

2 examples from the TIutehinsonian of Clifden, examples 
describ(*d by the author from Tuhna, North Island, Pukeuri, Awamoa, 
White Rock River, Ardgowan, Target Oully {Trans. New Zealand., 
Inst., vol. 55, p. 607, 1924). 

Otolithus (Maxrurus) toulai Schubert. 

3 examples from the Miocene (Awamoan) of Rifle Butts; I 
example from Ardgowan; 1 example from the Eocene of Balcombe 
Bay, Victoria. 

Previously described by the author from Pukeuri, Awamoa, Ard- 
gowan, Target Gully {ibid, j). 608). 

Otolithus (Cottus) otiakensis n. sp. (Fig. 12.) 

Description. — Dimensions 3 mm. X 1*1 nun. Shape elongate, 
outer side conca\e, inner side com ex, dorsal rim serrated, highest 
medially; ventral rim curved, ])osterior rim short, vertical; anterior 
rim pointed, rostrum, no antirostrum or excisura. Suhuis biovate 
(iiclosed, with median constriction. Rostrum, posterior area, and 
l)and above ventral rim, lower than the central area ot the inner sid(‘. 
Material. — 3 examples including holotype. 

Distribution. — Lower Miocene or Oligocene of Otiake, New 
Zealand. 

Remarks. — This otolith resembles the sagitta of the 7M‘cent species 
Cotius gobio of the family Cottidae, the outline being identical, and 
the sulcus very similar. 

Otolithus (Pleuronectidarum) splendens Schubert. (Fig. 13.) 

Description. — Dimensions 2| mm. X 2| mm. 

Material. — 1 example. 

Distribution. — Miocene of Ardgowan, New Zealand. 

Remarks. — Described by Schubert from the Miocene of Voslau 
{Jahrb der K.K. Geol. Reichsanst, 56, p. 263, Wmn., 1906). 

Otolithus (Solea) Eokeni Bass and 'Schubert. (Fig. 14.) 

Description. — Dimensions 2 mm. X IJ mm. 

Material. — 1 example. 

Distribution. — Miocene of Target fiully. New Zealand. 

Remarks . — Described by Bassolo, from the Middle Miocene of 
]\ronte Oibio, Modena. {Riv. Ttal. di Paleont., Anno 12, Fasc 1, p. 
45; Tav. 11, Fig. 3, Perugia, 1906). 
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Otolithus (Slops) miocaenicus Frost. (Fig. 15.) 

Description . — ^Dimensions 5 mm. X 2i mm. 

Material . — 1 example. 

Distribution . — Lower Miocene or Oligocene of Clifden, band 6 C, 
Now Zealand. 

licmarhs . — Dcseribod by the author from the Mioocno of Pukeuri. 
Now Zealand {Trans. New Zealand Inst., vol. 55, p. 612, 1924). 

Otolithus (Pagellus) gregurius Koken. 

Material . — 3 examplo.« from the Oamaru series of Wharokuri. 
Rcmarl(.s ‘. — Examples previously described from Waikaia and 
(‘lifdou {Trans. New Zealand Inst., vol. 55, p. 613, 1924). First 
figured by Kokcu from the Upper Oligocene of Sternberger Gestein 
{Zdf dir deut (It oh Gisdl., vol. 43, Taf. 7, Figs. 7, 7a), also noted 
l)y Priom from the Miocene (Bm-digalien) of South West Franco 
(Hull. Koe. geol. dc France, 4th series, tome 45, p. 266, 1914). 

Otolithus (Fierasfer) nuntius Koken. 

7 examples from riifden, bands 6(', and 6A, and 3 from Otiake 
(Lower Mioeoio or Oligoceiu'). Previously described from the 
Oamaru series of Waikaia {ibid, p 611), also by Koken from the 
Jliddle Oligocene of Solliugen {Zeii du dcui Geol. Gessell., Bd. 43: 
Taf. 6, Figs. 2. 2a.). 
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Introduction. 

The authors roeently visited the Cape Maria van Diemen— North 
Cape area of New Zealand with the primary object of studyinjr th^* 
peridotites and {gabbroid rocks described from there by Bell and 
Clarke (1910). Owing to the time available beinj? limited, and to 



CEOLO CICAL SKETCH-M AP OF 

CAP£ MARIA V DIEMEN-NORTH CAPE AREA 


Bvrtrum-Tt'rnkk. — Pillow-Lavas, P(ridodit(s . . . Rod's. 99 



inJ A Bartru n and FJTumrr 
CeaLoy cal Boundaries ^pronimaU 





100 


Transactions, 


the faet that a considerable portion of it was not used to best advant- 
af?c because the coastal exposturcs could not be visited during higher 
pliases of the tide, the survey was very far from being thorough. In 
s})ite of this fact, however, the observations made have brought to 
light interesting information, and have shown that erroneous ideas 
have long l)een allowed to persist regarding the nature of many of 
tlie rocks of the area. 

This paper has therefore been prepared in order to remove these 
misconceptions, and to introduce several fresh facts which have an 
important bearing upon the geology" of this northern region. The 
authors regret that, owing to force of circumstances, they have had 
to leave unvisited localities which, judged by the re])orts of McKay 
(1894), and Hell and Clarke (1910), would certainly have well 
j’cpaid investigation. Their thanks are due to Mr. and Mrs. L. Keene, 
of Te Paki Station, who gave every assistance and kindness within 
their power, to Mr. 11. MacQuari’ie for kindly collecting and forward- 
ing rocks from Pandora, to Mr. Manihera, who proved a veritable 
mine of reliable information regarding routes, and finally to their 
companions, Messrs. W. K. La Roche and K. A. Allen, who gave valu- 
able helj) ill field work. 

Througli the courtesy of the late Mr. P. (4. Morgan, for many 
years Director of the New Zealand Geological Survey, several excel- 
lent analyses by Mr. P. T. Seelye, of the Dominion Laboratory, are 
available to support petrographic descriptions of cert liii igneous 
rocks. 

The authors of this paper would like to place on record their 
groat appreciation of the unfailing assistance which Mr. Morgan has 
always afforded whenever it lay in his power. His interest and 
co-o])eration have been of incalculable benefit to the advancement of 
geology in this country. 


Earlier Work. 

The only im]jortant reports upon the geology of the North Cape — 
Cape Maria van Diemen area are those of McKay (1894), Bell and 
Clarke (1910), and Bell (1909), though Hector visited the district 
I'rior to McKay, for it is mapped in his geological maps of New Zea- 
land, and its geology briefly mentioned in an early report (1872), 
whilst Dieffenbaeh (1843, p. 199) has made mention of it in his 
Travels in New Zealand. Park (1910), Marshall (1911, 1912), and 
.Morgan (1921 ) have issued geological maps of the area now described, 
and wdth others, such as Bartrum (1925), have made brief reference 
1() certain features of its geology, but have depended for their infor- 
mation entirely upon the work of McKay, Hector, and Bell and 
Clarke. 


Synopsis of Stratigraphy. 

The papers of McKay (1894), and Bell and Clarke (1910) have 
described the present terrain as underlain by sediments of the com- 
prehensive mid-Mesozoic system now known as the Hokonui System. 
McKay noted that these were invaded by masses of crystalline igneous 
rocks, and Boll and Clarke added the interesting facts that amongst 
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these latter there were varied series of ultrabasic and gabbroid rocks, 
whilst amygdaloidal and other igneous rocks intermixed in the so- 
called sediments were probably contemporaneous lavas (Bell, 1911), 

The identiiication of the rocks in question as sediments of the 
Hokonui system is erroneous, for they prove to be shattcr(‘d and 
locally crushed basic andesitic and basaltic rocks of varied type which 
include pillow-lavas with which, as is expectable, some marine sedi- 
ments are bedded. The nearest sediments of Hokonui facies appear 
to be those at Te Arai Bluff on the west coast, which is over 20 miles 
south of North Cape. It must be admitted, however, that Bell and 
Clarke (1910), whilst accepting McKay designation of the rocks as 
sediments, ai)pear to have had considerable doubt in their minds as 
to the corrt‘etn(‘Ss of this course. 

As will be shown, though many reasons can be advanced for 
regarding this series of igneous rocks (Whangakca Series of Bell and 
Clarke, 1910) as mid-Mesozoic (Hokonui System) in age, it may well 
be uppermost Cretaceous or Palaeocenc, for marls laid down in close 
association with pillow-lavas at Pandora (Whangakca), Sjurits B«y, 
contain numerous tests of foraminifera, amongst which there is a form 
clos(‘ly resembling Orhulimt. These volcanic rocks are the oldest 
rocks of the Caj)e Maria van Diemen — North Cape Distinct, and are 
provisionally class(‘d as contemporaneous flows of the Hokonui 
System (Trias — ? Neocomian) analogous to those of the Whaiigaroa 
area (Bell <and Clarke, 1909). During the orogeny wliich terminated 
Hokonui sedimentation immediately at the close of the Neocomian 
these flows were intensely shattered, and, probaldy also at this time, 
invaded hy a mass of gabhroid and ultrabasic rocks in the vicinity 
of North Cape, for Benson (1920, 1926) has ably shown that ultra- 
])asic intrusions are a (*haractcristic aee(>m])animent of moderately 
intense crustal compression, whilst, in addition, the intrusive gabbroid 
]‘ocks include gneisses whi(*h are clearly the result of piezocrystalliza- 
tion. On the analogy of Andrews’s interpretation of <*onditions at 
Broken Hill (1923a) these intrush^e bodies pr()l)ably form a sill-like 
mass which was injected under (H)nsiderablc pressure. In addition 
to this major intrusion, there were smaller i)robably contem])oraneous 
ones of intermediate character. Those did not, however, elose the 
cyelo of igneous activity, for intrusions in the form of dykes and sills 
cut mkl-Tertiary sediments (Coal Point Series), whilst interbedded 
with these latter, there are thick masses of andesitic conglomerates 
and tuff which are products of a phase of vulcanicity which innni- 
lested itself far and wide in the northern lialf of the North Island 
at this time. 

Evidence from other i)arts of New Zealand clearly dcmonsti’ates 
that the post-IIokonui diastrophism was followed by prolonged 
erosion prior to the deposition of succeeding l^pper Cretaceous ])('ds. 
These are represented in the present area by steeply folded sediments 
(Rahia Series of Bell and Clarke) which contain occasional fragments 
<»r a large fibrous corrugated shell referable with tolerable certainty 
to Inoccramm. They are the equivalent of the Kaeo Series or Whanga- 
roa (Boll and Clarke, 1909) and probably also of the Otainatea 
Beds described by Perrar (1924) from Kaipara Harbour. Unfor- 
tunately, the contact of these Cretaceous beds with over-lying strata 
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was not obscrvod by the writers, but many facts indicate that a minor 
period of pressure, with aeeomj)an>’ing emerfjfenec and ensuing erosion, 
intervened between the date of deposition of these strata and that of 
a varied series of mid-Tertiary sediments (Coal Point Series of Bell 
and (.'larke) which were their immediate successors. These latter 
strata frequently rest unconformably upon a bastnncnt of the Older 
Volcanic (Whangakea) j'ocks. At their base there is a conglomerate, 
which is followed by marine sandstones, then by andesitic conglo- 
merates sf)read in an extensive sheet at least 600 ft. in thickness, and 
finally by an uj^per thick deposit of marine sandstones. 

The emergence ot! these mid-Tertiary beds above the shallow st‘as 
in which they accumulated was accompanied by the faulting charac- 
teristic throughout New Zealand of this post-Miocene (Kaikoura) 
orogenic phase. Powerful faults which perhaps i)assed locally into 
monoclinal folds, as has ha])pened elsewhere in New Zealand, differ- 
entially elevated various blocks of the terrain, which were peneplained 
after prolonged erosion. This erosion removed great thicknesses of 
strata from the moj‘(* ehw’atc'd blocks and laid bai'c the ])eridotites <md 
gneissic gabl)ros near Noi’th (^ape. Plateau-like remnants of the penc- 
]jlain arc to-day the most remarkalde i)hysiograi)hic featun' of the 
eastern portion of the area desciibed in this pap(‘r. 

Though incapable ol* demonsti’ation, it is probable that the uplift 
mainly responsible for the modern elevation of the ])latcaus has been 
accompanied by further differential movement along lines of weakness 
marked out in the earlier stage, for Waikuku Plat, west of North 
(^a])e, is more readily explained as the site of a relatively depressed 
block than as the sole result of selective erosion following eustatic 
uplift. This final uplift was considerably greater quantitatively than 
1h(^ present height (between 500 ft. and 600 ft.) of tlie remnants of 
the ancient peneplain, for it has b(‘en followed by a sub-Recent nega- 
tive movtmient of the area which has allow(‘d drowning of the lower 
portions of many of the streams. 

The most recent cliange of sea-level relative to the land has accom- 
])anied a T>usitivo movement of alxmt 5 ft. which is dt'inonstrated by 
raided benches along many of the coasts of North Auckland, as was 
early pointed out by Percy Smith (1881). 

Long subsequent to the (‘m(Tgenc<» of the North Pape — Cape 
Mai'ia van Diemen area at th(‘ close of Miocene dejmsition ((’oal Point 
Series), extensive de])osits of wind-blown sand accumulated, and 
to-day Pleistocene and Recent dune-sands here and there mask the 
elder rocks of the coasts. 


Physiography. 

For completeness of description it has bemi considered advisable 
to give a bri(‘f account of the physiography of the district now studied, 
although this has already been well descril^ed bv Bell and Clarke 
(1910). 

The greater ])art of the area between (^ape Maria van Diemen 
and North Ca])e consists of a maturely dissected upland the highest 
points of whieh attain a height of a little over 1,P00 ft. On the north 
it is abruptly terminated by the rugged northern coast, but south it 



Pillow-Lavas, Peridodites . . . Rocks. 103 


merges into a great tombolo which continues south-east for fifty or 
sixty miles to the ancient mainland at Ahipara. 

The drainage pattern is mainly insequent, l‘or the sti*cams show 
little dependence U])on the structure of the area. These latter gener- 
ally are approaching grade, for they often liave swampy valley-floors 
or else meander over small alluvial flats in their lower reaches. Never- 
theless, many of the tributary streams are lar from mature and are 
broken here and there by waterfalls, whilst their valley slopes arc 
generally very steep. Again, although the divides have usually the 
well-defined nature and vsoftened slopes characteristic of maturity, 
remnants of an elevated plain of erosion persist at a lieight of from 
oOO ft. to 600 ft., and form a very conspicuous feature of the topo- 
gi’aphy, especially in the vicinity of North Caj)e. 

A further element in the topography has l)een introduced, par- 
ti(*iilarly in the south-west, by the accumulation during Pleistocene 
and lleceiil tiiiu's of great areas of wind-blown sand which arc well 
'le\elo])ed in Tom Bowling, Spirits, and Twilight Bays. These dune- 
covered areas roach their maximum develo])ment south of the district 
under consideration, and have been di'.scribed in detail by McKay 
(1894), and Bell and (darke (19IOj. Brosion of consolidated ancient 
dune-sands by temporary streams draining into Twilight Bay has 
resulted in developing, near the north end of the bay, a splendid 
small-scale example of bad-land topograpln (s(*(‘ Fig. 4). 

In contrast wdth the general insetpicnt drainage, there are one 
oi‘ two i!istances of streams which have had their courses determined 
by lines of structure. Such instances will ])e considered in some 
detail, for tlr^y afford im})ortant physiographic evidence as to the 
strindure of the area. The first example of such structural control 
is furnished at the east end of Spirits Ba\, where the tributaries of 
Ka])o AVairua Stream draining from the south-east have adjusted 
themselv(‘s parallel to the strike of a thick series of resistant volcanic 
conglomerates interbedded with much softer strata. A [)rominent 
X.W. — S.E. homoclinal divide (Fig. 6) has been carved from the 
conglomei’ati*, having steep escarpment slo])es on the north-east and 
somewhat gentler dip slo])es on tlie south-w’cst, wdiilst less pronounced 
but (piite distinct series of similar cuesta-like divides may be observed 
in lowdands of soft sandstone west of Kapo Wairua Stream and 
immediately inland from Spirits Bay. West of these sandstone low- 
lands there are resistant volcanic rocks which constitute hills which 
rise abruptly to a height of 1,000 ft. The boundary of the two forma- 
tions runs south-east from the west end of Spirits Bay heaeh, and 
both physiograi)hie and sti‘atigi*aphic evidence point to this junction 
being determined by faulting. 

There is a second example of subsequent drainage about twu miiles 
east of (^ape Reiiiga where the north-west line followed by Olanga- 
whiti Stream is continued beyond its hcadw^aters b.\ a tributary of 
Taputaputa Stream. Just below^ its eonfluciice with this tributary, 
Taputaputa Stream swings around iii a smni-eirclo and Hows north- 
west to the shore. The physiography thus points very strongly to the 
presence of a fault-zone running in a N.W.-S.B. direction up the 
valley of this tributary of Tapiitai)uta Stream and down Otaugawhiti 
Valley to the sea. 
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The facts also suggest that the main valley of Taputaputa Stream 
is incised along a similar N.W.-S.E. zone of shattering, whilst, going 
further afield, indubitable evidence of similar control is furnished by 
the valley of Huka Stream draining into the middle portion of Tom 
Bowling Bay, for the actual Jault-plane is traceable at the shore. 

Further physiographic evidence of faulting is afforded by a 
resistant block about 5 square miles in area of which North Cape 
forms the most easterly point. This North Cape block attains an 
altitude of about 750 ft., and is separated from highlands further 
south-west by a broad undulating flat about 40 ft. above sea-level 
Imown as Waikuku Flat, which is covered superficially by alluvium 
and swamp-filling, and is margined by sand-dunes. 

The North Cape block rises so steeply from this flat as to suggest 
that its south-west face is a dissected fault or fault-line scarp, and, 
as will be seen from the section ap])earing later, there is corroborative 
stratigraphic evidence of a fault running N.W.-S.E. parallel to the 
north-east border of the lowland. Further south-west the topography 
again suggests that a fault ma\ separate Waikuku Flat from plateau- 
like highlands fuidher south-west; if this l)e so, the north-west trend 
of Waitangi Stream is subsequent upon sm-h faulting. 

This evidence of N.W.-S.E. fracturing is of especial interest ni 
that it shows the continuation of dominant iracdures having this trend, 
along with others roughly at right angles to the first, from as far 
south as Taupo, where they have been described by llemUu’son (1924). 
Rartriim and Laws (MS., 1024) have recognized the dominance of 
these series near Auckland, and Ferrai* (1925, pj). 18-20) in the 
extensive Whangarei — Bay of Islands area, though Bell and Clarke 
(1909, p. 23) were able to recognize only an E.N.E.-W.S.W*. series 
near Whangaroa. 

The coast-lines of the (^ape Maria van Diemen — North Cape dis- 
trict are still in a comparatively youthful stage of developnuuit, for 
they consist in general of ruggctd stretches, with sca-cliffs as much 
as 800 ft. in height, where slow retrogression is in progress, which 
alternate with long sandy bays backed b> extensive dunc' areas which 
represent the partly filled embaymeiits of the original coast-line of 
submergence. Probably the most striking feature of the coast-lines 
is the unusually perfect development of bj-oad, flat, hoidzontal plat- 
forms carved at the base of the cliffs at the height of about 1 ft. above 
normal high-water level, and perhaps (‘specially prominent in the 
resistant ancient volcanic rocks of the region. The origin of similar 
platforms has been discussed in detail by one of the writers (Bartrum, 
1926), and need not fiirther be considered here, beyond mentioning 
that they arc believed to be due primarily to the action of storm- 
waves. These have most effective action at a level slightly above 
normal high-water level during higher phases of the ti<ic. There 
appear to be grounds for the belief, however, that subaerial procesvses 
active upon the wave-cut platforms have contributed very materially 
to the remarkably level nature of the benches of tlie present area, more 
especially where they have been developed in more shattered rocks. 

In contrast with the exposed northern and western coasts, that 
of Parengarenga Harbour presents outlines of a much less regular 
kind, for it has originated by submergence of a maturely sculptured 
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area iu not far distant times, and, on its northern shores, its initial 
outlines have not been very greatly modified. Widespread mudflats 
are witness, however, to extensive infilling subsequent to the submerg- 
ence, though the recession of the sca-eliffs at headlands does not 
appear to liave been considerable. 

The negative movement involved must be taken as the \videspread 
one responsible ibr the unique embayed coast-lines of almost the whole 
oi* the eastern coast of North Auckland. Its amount cannot be calcu- 
lated with any precision, but was probably about the order of 200 ft. 

At a date subsequent to. this, however, there have been slight 
elevatory movements. Broad stream terraces about 30 ft. above sea- 
level are extensively developed along the banks of AVjiitiki Stream, 
^riiey arc composed of relatively fine-textured alluvium and suggest 
that, during the ])eriod of aggradation whidi ga^e birth to the fiood- 
j)laiii from which they were carved, sea-level was distinctly higher 
than now. Other evidence of su])-liecont positive movement is 
afforded ])y beaches about 4 ft. above modern storm-beach level on 
the northern coast a])out three-quarters of a mile west of Waitangi 
Stream, whilst iMcKay (1894) descril)es broad flats of maidne muds 
containing recent mo]lns(*an species whicli reach a height of from 
Id ft. to If) ft. al)ove sea-level near the shores of Parengarenga Har- 
])()ur. Sub-Uecent uplift of similar amount can be obs(‘rved in 
numerous other parts of Xoi*th Auckland, especiall.\ around the 
sliores of Wailudvc Island, Brown Island, Ponui Island and the main- 
land in the vicinitv of Auckland, and has already l)een remarked by 
writers such as Smith (1881), llenderson (1924a, p. 582), Perrar 
1,1925, ])p. 53-54) and others. This iqdift occurred long after the 
major submergence described almve, at a time wlam the coast -lines 
l)ad attaiiK'l approximately their ])resenl outlines. 


1 )i:TAiLi:n Str vtjok vpiiy. 

The upward sequence of suliimnitary and extrusive igneous rocks 
a])])ears to be as follows:- - 

(1) Older \ oleanic S(*ries ( Whangakea Serif's of Bell and 
(9arke) — age? Trias-Jura. Flows of ])asaltic rock A\itli minor sedi- 
ments. 

(2) I'pper Cretaeeous Series (Kahia Series of Bell and (larko). 
Siliceous mudstones and eoncretionary green sandstones wdth InoCi ra- 
mus, Probably also includes basic pillow-lavas. 

(3) Middle and Later Tertiary Series (Coal Point Scri(‘s of Bell 
and Clarke). 

(a) Lower Beds including sandstones, mudstones, tuffs and 
fossiliferous basal conglomerate ; 

(h) Andesitic conglomerates ; 

(c) Upper Beds including sparsely fossiliferous sandstones, 
mudstones, grits, and minor conglomerates. 

(4) Recent and Pleistocene dune-sands, bedded silts and gravels. 
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1. (Jlder Volcanic Sj:ries (Wh\x\xjakea Series of Bell and Clarke). 

Distribution and Lithology, 

Th(3 iianu' Whaiif^akoa Series was first used by Bell and Clarke 
(1910) to include the extensWe series ol' rocks which is dovelotied in 
liill.A' country extending west and south from Pandoiu (Whangakea) 
at the west (Uid ot* Spirits Bar Beaeli, to To Paki, Cape Maria van 
Diemen and Ca])c Reinga. The same writers also mapped similar 
rocks ex|)osed along the western part of Tom Bowling Bay between 
Hooper Point and Iluka (Veek, as part of the same scries, whilst 
McKay (1894) had i)rcviously described and majiped both these 
arciis as comprised mainly of Older Secfindary or Palaeozoic sodi- 
immts. Numerous outcrops of the rocks ol* this series, which arc lu‘r(‘ 



ISf'ction aS.K.W. and X.N,E, from Hiika Cirrk to Krn Point, 


(L) Older Volcanic Series. (2.) Lower Beds of Coal Pt. Series. (3.) Middle 
Beds (andesitic conglomerates) of Coal Pt. Series. (4.) Upper Beds of Coal 
Pt. Series. (G.) Basic and Ultrabasic intrusives of Kerr Pt. (6.) Sill of 
quartz dioiite. (7.) Pleistocene bedded silts. (8) Pleistocene and Recent 

dune sands. 

designated the Older Volcanic rocks, were also observed by the writers 
in valleys adjacent to the track from Te l\aki to Tc Ilapua on the 
western shores of Parengaronga Harbour, so that these rocks evidently 
extend a considerable distance south-east from Pandora. A narrow 
stri]) of similar rocks was also found to connect the cast and north 
coasts along the north-east margin of "Waikuku Flat in the vicinity 
of North Cape, where tiny arc invaded l)y a large mass of gabbroid 
and ultraliasic rocks. 

The rocks of the Older Volcanic (Whangakea) Series consist of 
a succession of thick flows of basaltic or andesitic rocks whicli are 
intensely shattered, and in thin section show various effects of pres- 
sure, whilst, wherever individual flows are recognizable, they appear 
to l)e tilted at high angles. Although the main mass of the series 
consists of normal flows, pillow-lavas are developed in the vicinity 
of Pandora, and, less perfectly, at various places along the western 
part of Tom Bowling Bay. 

McKay (1894) describes the rocks here recognized as volcanic 
lypes as mainly indurated sandstones, shales and slates of Palaeozoic 
or Older Secondaiy age which have been intruded by crystalline 
rocks’’ near North Cajie and elsewhere. He evidentlj' mistook them 
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for older greywaekes and other indurated sediments sueli as those of 
the Whaiigaroa district, which are now referred to tlic Wai])ai)a 
Series (Hokonui System) of probable Trias- Jura age. 

Marshall (1908, PI. 13) maps tliese Older Volcanic rocks and the 
intrusives of North Cape as diorites and gal}bros ol* uncertain age, 
l)resumably on the assumption that McKay made an error in idemtifi- 
cation similar to that which Marshall (loc. cif., ])p. 81-82) found that 
he Jiiade in the case of similar rocks in the Mongonui district. Bell 
ajid Clarke (1910), whilst recognizing that a large quantity of igneous 
material is i)resent in the Wliangakea Series, nevertheless follow 
.McKay s opinion that the series is mainly sedimentary. The micro- 
sco])ic examination of a large number of tliin slices ref)resentative of 
the rocks shows that thi‘y undoubtedly represent volcanic flows, even 
though in some localities intense shattering has induced close macro- 
seopic resemblance to indurated sediments. Tlie whole series appears 
to be volcanic with tlie exce])tion of a small amount of sedimentary 
material associated with ])illow-lavjis at Pandora. 

Ill this coniu'ction the section at this latter locality (Wliangakea) 
at Spirits Bay is of cspc'cial interest. Almost vertical pillow-lavas are 
w(‘ll develojied at the extremity of a small headland immediately west 
cd' the mouth oT the small stream at Pandora, and on a small stack 
a lew yards otf -shore from this point. AVith the pillow-lavas there 
are basaltic rocks lacking the pillow form and so intensely shattered 
and crush(‘d that they closely resemble r<‘d and green clay-slndes. 
Caridul examination reveals, however, thal cores ol* less crushed 
microscopically identiflable basiilt persist in the general shale-lik(‘ 
material and strongly suggest the volcanic origin of the whole series. 
In some places ])elow the pillow-lavas, where the coi*es of basaltic 
rock are (^specially numerous, thi‘ rock resemliles a conglomerate 
veined and cemented with calcite. A few yards south from the pillow- 
lavas tow^ards tlu' beach at Pandora, there is a dyke of pyroxene 
(lioritc* (N P. 2) which ser\es to complicate the section, and, still 
furtlier on, there are striped red and green rocks which ai’c associated 
with flnely laminated compressed foraminiferal marls. Tlc' given 
material proves on sectioning to be andesitic in charact^m, but the red 
with, which it is intermixed in irregular lensoid manner, is probably 
sedimentary. The intei’inixture can be ex])lained as a result of 
moderately acute shearing. 

The pillow-lavas present the usual chilled crust and arc* almost 
certainly submarine flows, so that tin* associated sediments reiircsent 
dcjiosits formed during an interval between successive outjiourings 
on the sea bottom. 

East from Pandora there are iwo headlands composed mainly 
of normal older volcanic (Whangakea) rocks. At the second, how- 
ever, there is an interbedded steeply difiping flow' of jiillow" hna on 
the line of strilu* of the similar flow further west. As before, the 
j’oeks below the ])illow-lava are severely crushed. Still furth<*»* east 
at the siime headland, there is a mass'of hyalojulitic ])yrox-ne andesite 
fN.r. 25) which apparently belongs to the mid-Tertiar>^ series of 
('xtrusions briefly referred to earlier in the Synopsis and described 
in more detail hereafter in Section 5 of the Lower Beds. (See also 
Section D for petrographic description.) 
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Tlie Older Volcanic (Wliangakea) rocks appear to have very 
great thickness and lack fragmental eruptive material interbedded 
with the flows. These facts and their generally non-porphyritic (or 
aphyric) nature suggest that the lavas are the product of fissure 
eruptions in which the magma rose rapidly from considerable depths. 
Some at least of the flows were extruded under submarine conditions, 
as is indicated by the existence of pillow-lavas and thin beds of marine 
scdiin(‘nt associated with them, but the somewhat rare occurrence of 
such flows is suggesti\e that this was an exceptional condition. 

Age of ()ld(r Volcanic {Whnngakea) Series. 

The age of the rocks described above is uncertain. McKay 
(1894) referring to rocks which are evidently those occurring with 
the pillow-lavas at Pandora, states: From these rocks and from a 
calcareous red slate, I collected fragments of a fibrous shell apparently 
Jnoccramus, and from a mass of grey and reddish limestone on the 
beach, numerous small shells of which the most abundant appears to 
be a species af HalohiaV* On this evidence, and on the supposed 
lithological resemblance Ijetween the older rocks of this area and 
Triassic and Jurassic sediments of the South Island, McKay placed 
the rocks here grouped in the Wliangakea Series in a series ranging 
from “ Older Secondary” to Palaeozoic in age. Hector (1894) refers 
to the fossils as ‘‘obscure fossils among which are fragments of fibrous 
shell and a small convex bivalve,” and is disinclined to accept 
McKay's belief that the Pandora rocks are Triassic in age. Bell 
and (darko (1910) bring forward no new evidence, and are content 
to quote M(*Kay and Hector. 

Stratigraphic (‘videnee as Jo the age of the series discussed is 
meagre, and merely goes to show that there is strong unconformity 
between it and o\erlying mid-Tertiary strata, whilst its relations to 
the Upper ("retaceous Bahia series has not yet been observed. 

Fresh, but somewhat indefinite, evidence of palaeontological 
nature has been unearthed, during the present expedition, in marly 
sediment bedded with the Pandora pillow-lavas. Tn thin section this 
j)roves to be a fine-grained calcareous rock compacted and streaked 
out by pressure and containing numerous tests of foramiriifera (See 
Fig. 3). Tt appears to bo a type of rock hitherto unknown from 
Hokonui (Trias — ? Neocomian) rocks of the North Island. ^Ir. 
W. J. Parr, of Melbourne, very kindly examined the somewhat crushed 
toraminifera and obtained the valued opinion of Mr. F. Ohapman 
thereon. He writes that the foraminifera are certainly not Tertiary 
iuid may even bo as old as Carboniferous. The provisional identifica- 
tions include Bigcnerinaf Marginalina, Valvulinay Endothyra, and 
possibly Haplophragmixim. In addition, there are numerous spherical 
tests of a genus belonging to the Globigerinidae which closely 
resembles Orbulina. 

It wiU be seen that both palaeontological and stratigraphical data 
fail to furnish v(*ry precise information as to the age of the rocks 
discussed, so that the writers have depended very largely on dias- 
trophic evidence in suggesting that these Older Volcanic or Whanga- 
kea rocks are flows erupted (»ontemporaneously with the accumula^ 
tion elsewhere of normal sediments of the mid-Mesozoic Hokonui 
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System, and are, in fact, the equivalents of the cxt(‘nsive sheets of 
basalt described by Bell and Clarke (1909) as interbeclded with 
sediments of this system (Waipapa Series) in the Whan^aroa dis- 
trict. This imix)rtant diastrophie evidence is found in the pi’cseiiee 
at North Cape of gabbro which lias invaded the Whangakea rocks 
and has primary foliation very strongly developed. It is considered 
most probable that the injection of this intrusion and its foliation 
are both the result of the Early Cretaceous orogeny which caused 
the emergence and folding of the ITokonui sediments from one end 
to the other of the New Zealand area, and initiated the period of 
vigorous erosion which preceded later Cretaceous sedimentation. If 
this be so, the Whangakea rocks must be at least fis old as those 
of the Hokonui System. 

There is admittedly a possibility that the series is of Cretaceo- 
Eocene ag(‘, for igneous rocks similar in character to the Whangakea 
lavas invade tapper Cretaceous sediments (Onerahi Series) in the 
watershed of Upper Mangakahia Stream and elsewhere in North 
Auckland, l)ut against this view there are two main arguments. 
First, there is litth* evidence that the intensity of pressure involved 
in the ])OSt-On(u-ahi uplift and folding which preceded general mid- 
Tertiary sedimentation in North Auckland,* attained sufficient 
magnitude lo devdo]) foliation in the Nortli Cape gabbros, whilst 
secondly, tlie foraminiferal fauna of the marl at Pandora is entirely 
different from that so far discovered in the foraminiferal “ hydraulic 
limestone’' of the Cjiper (h^etaceous Onerahi series.f 


2. VvvFAi Ckktackot^s Skkiks (K\iii\ Skries or Bell am> (‘ii\RKr). 

The rocks included by Bell and Clarke (1910) in tlieir Eahia 
Series occur at the south end of llahia or Twilight Bay, in Taupiri 
Bay four miles north of this, and a1 Parenga, on what used to be 
Yates's station, but is now Mr, Chapman's ])roperty. McKay (1894) 
also placed certain Cretaceo- Tertiary " greensands and siliceous 
mudstones from Dyson ^s old station on the north side of Parenga- 
renga Harbour in the same series as the rocks of Yates's station. 
Though Bell and Clarke omitted the rocks near Dyson's from their 
Rahia Series, McKay's classification now ])roves to Ix' correct, and 
l>ell and Clarke’s mapping erroneous in this respect. The rocks at 
Twilight (Rahia) Bay, which are included in this series, contain 
extensive associated pillow-lavas in addition to marine sediments. 
Those at Parenga consist of steeply inclined calcareous shales and 
mudstones alternating with moderately thick beds of coiicrcdionary 
greensands in which there are occasional thin bands of small pebbles. 
The concretions are often coated by a layer of cone-in-cone lime- 
stone and contain occasional fragments of a corrugated fibrous shell 
which is almost certainly Inoceramus, as well as rare casts of a small 
gasteropod. 

♦Benson (1923, p. 64) suggests that the northern portion of New 
Zealand came within the influence of intense erogenic movements which 
affected New Caledonia in the early Tertiary. 

tRecent advice from Mr. W. J. Parr suggests that this statement may 
need to be modified. 
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Tile rocks mapped by McKay as Cretacco-Tertiary north 
of Dyson's prove to be highly siliceous mudstones, with green sand- 
stones, which are all considerably shattered and dip at high angles 
in irregular directions. Good outcrops are xilentiful along the divides 
adjacent to the track from Dyson ‘s to Waikuku Plat. This scries 
of beds extends through to the coast near the south margin of the 
headland in which Maukin Nook is situated, for a boulder of green 
sandstone was jiicked up in the bed of a small stream at this jilace, 
in which thc^re was a large fragment of the shell of an Inoceramns, 
This dis(‘overy obviously justifies McKay’s mapping of the area as 
‘ ‘ ( ^retaceo-Tertiary. ' ' 

Owing to unfavourable tides, the Taupiri liay outcrops were 
not examined at beach level. The rocks exposed in the accessilile 
higher portions of the sea-cliff at this locality, and those further 
north, a])parently all belong to the Older Volcanic Series, so that 
it would appear that the Greta(*eous or llahia beds reported here by 
Bell and (laj*ke have limited extent. 

Amongst the most interesting of the beds assigned to the Rahia 
Series are those at Twilight (Rahia) Bay first recorded by Bell and 
(larke (1910). Near the south end of the bay greenish and greyish 
sandstones dip])ing due north at 40° outcrop from beneath tlu' 
sands of an adjoining dune-area. These are followed downward ])y 
a flow' of x)illow'-Java about 70 ft. in depth, which has ovoid ])illows 
from 1 ft. to 3 ft. in diameter. Each pillow exhibits small-scale 
)*a(lial prismatic jointing and a somewhat glassy chilled crust. (Se(' 
Fig. o). Beneath the lava there are what appear to be finely l)edded 
(day-shales which are almost concealed by beach sands. 

At the extreme southern limit of the l)each in this bay, pillow- 
lavas are again developed in the sea-cliffs and shorc-jdat forms; they 
dip steeply north at an angle of al)out 50°, the di]) being (dearly 
shewn by ovcrfolding of indhndual pillows (see Fig. 2). Masses of 
secondary cal(*areous material and cabdte occupy the interstices be- 
tw(‘en the ])illows, whilst this latter mineral is also abundant as the 
filling of joint crevices and vesicles. Above the flow, and apparently 
in part invaded ])y it, there are well-laminated indurated greyish 
mudstones which are (^xx)osed on the shore below high-water mark. 
Beneath the same flow then* is a shattered breccia-like mass consisting 
of vesicular fragments of lava similar to that of the pillows, inter- 
mixed with a green matrix of doubtful nature but probably sedimen- 
tary. This breccia is interpreted as a scoria formed at the base of 
the uppermost flow of pillow-lava in this area. Passing further west, 
the bj’eccia or scoria is succeeded in downward secjuencc by a 
stratum of green sandstone about 10 ft. in thickness which dips 
steeply north-east, and then by what appears to be a small mass of 
“ baked ” shale. Near this a dyke of dolerite 20 ft. in width is 
exposed on the shore-platform and is succeeded westward by highly 
amygdaloidal basalt lacking the pillow form. In the course of a few 
yards this last basalt passes into typical pillow-lavas which continue 
south along the rugged shore-line of Scott Point. Near the south 
end of Scott Point, a non-porphyritic open-grained basaltic rock was 
discovered a little east of the pillow-lavas in the valley of a small 
stream cutting steeply down to the shore from the elevated plateau 



Bartrum-Turner. — Pilfow-Lavas, PeridodUes . . . Rocks, 111 

developed alon«: the eoast at this locality. It was at iirst believed to 
belong to the Older Volcanic Series of rocks, but its petingraphic 
characters are not inconsistent with its description as a i)ha8(' of 
the series of flows which nearby have the pillow form. 

3. Middle and Later 1'ertiary Beds (Ooal Point Series or^ Bell 
AND Clarke). 

The area east of a line drawn from the western end oi‘ Spirits 
Bay Beach to Te Ilapua, Parengarenga Harbour, exhibits locally 
thick, extensive sedimentary beds of Middle or Later Tertiar^ Age. 
Hector (1872), McKay (1894) and Bell and (daj-ke (1910) have 
mai)ped and described Tertiary rocks from this area, but their work 
is far from comiflete. Bell and (Tarke grouped the beds in their 
Tertiary Coal Point Series along wtih rocks on the north side of 
Parengarenga Harbour which actually belong to the rp[)er Creta- 
ceous 0^*dua) Series. 

Although there is no definite evidence of int(*rforjnational uncon- 
formities su])dividing the beds of the series, these latter constitute 
three more or less separate groups or sub-series: an up])er group 
consisting of fossiliferous mudstones, siindslones, grits and minor 
(‘onglomerates ; a middle sub-series of andesitic conglomerates ; a 
lower gi’oup vhich inclinh'S sajidstones, tuffs, mudstones and a prom- 
inent basal conglomerate. These will be considered in ascending 
order. 

(^a). Th(‘ Lower Beds of Coal Point Series. 

The lower l)eds of the Tertiary Series are dc\elo])ed in fi\(^ local- 
ities: — the eastern (‘iid of Sj)irits Bay iii the vicinity of lJooj)er's 
i^)int; along the coast east of lluka Creek; on the coast at th(‘ east 
Jiiargin of AVaikuku Flat; at Parengarenga North Head. 

1. The Jfooper Point S(ction, 

At the east end of Spirits Bay andesitic conglomei'ates of the 
middle group are strongly develoj)ed on tin' north w^all of the \ alley 
of Kapo Wairua stream, and in an islet near its mouth. After an 
interval, these are succeede<l noidhward by a lower conglonu'rate 
which nnconformably overlies flows of the Older Volcanic Series 
(Trias-Jura), and is composed of pebbles and fragments derived from 
this latter series. It is about 20 ft. thick, and, as already noted by 
McKay, its lower jamtion is crowded with the liroken remnants of a 
large' cirripede which is probably the same' species — Hixohfsma 
iiuvklandicnm — as is found in the basal conglomerate of Hk' AVaite- 
mata Senes on certain islands of Hauraki Gulf near Auckland. Ovei*- 
lying the basal conglomerate there are beds of fine sandstone and 
mudstone, wdiich are exposed on the steep hill-slopes above the sea- 
clififs at this spot. These sediments then pass beneath the andesitic 
conglomerates of the middle sub-series and, with the basal conglomer- 
ate, constitute the lower group of Tertiary beds at this locality. 

The section is repeated in the bluff just cast bf Hooper Point. 
The cirripede conglomerate, 25 ft. in thickness, is again seen to over- 
lie the Older Volcanic (A\^hangakea) lavas, and is in turn succeeded 
by a thickness of from 100 ft. to 200 ft. of fine sandstones and mud- 
stones, which contain concretions of pyrite and dip at 25® south. 
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Several faults traverse tlie area, and one has dropped the Tertiary 
beds described afjainst the mass of Whangakea rocks which forms 
the extremity of Hooper Point just west of this section. 

McKay’s (1894) observations at this locality were faulty and 
led him to i)laee the cirripede conglomerate as the lowest part of his 

Manukau Breccias,” which are here called the andesitic conglo- 
merates. Bell and Clarke (1910) follow McKay in this error. 

2. The IlnJca Creek Section, 

Three-quarters of a mile west of the mouth of AVaitangi Stream, 
Tom Bowling Bay, sediments of the lower sub-series of Tertiary strata 
outcrop at the coast from beneath the andesitic conglomerates of the 
middle sub-sendes, and continue to be exposed westward along the 
coast for a distance of about a mile. At the east end of the section 
the beds consist of alternate bands of sandstone and mudstone, fol- 
lowed by two beds, 6 ft. and 30 ft. in depth respectively, of fine 
volcanic grit in which are broken fragments of molluscan shells, and 
which are separated one from the other by a few feet of mudstone. 
In downward sequence these in turn are followed by further mud- 
stones and sandstones with shell fragments, which dip east or north- 
east at an angle of about 20 . For the next 50 yds the section is 
obscured, but lattr, at the mouth of a small creek, there is a Aery 
good exposure of fine-bedded mudstones wdiich dip in the same genei'al 
direction as the ])reeeding beds, but at a lesser angle. A quarter of 
a mile east of Huka Creek thin tuffaceous beds are interbedded with 
the mudstones, which Ihen pass dowm into about 80 ft. of fine-grained 
volcanic tuffs w^hich dip at about 15^ to the north-east and become 
decidedly coarser at their base. These tuffs rest on a breccia-like 
mass of crushed slickensided and Aveathered material, the fragments 
of which consist largely of the andesitic or basaltic rocks typical of 
the underlying Older Volcanic Series, but which also include masses, 
18 ins. to 2 ft. in diameter, of diorite and of a glassy flow-breccia 
similar to that locally characterising the Older Volcanic rocks of 
Cape Rcinga and Paiidora. This basal material is regarded as the 
equivalent of the basal conglomerate of other Tertiaiy sections. 
Immediately Avest of the mouth of Huka Creek, the tuff and basal 
breccia are intei'sected by a fault with unknown throw which trends 
north and south and dips at 70° to the east. On the shore-platform 
the tuffs dislocated by it grade into a rock of baked” aspect which 
contains small argillaceous fragments set in a fine argillaceous matrix, 
and which is invaded by a large dyke of diorite which forms the 
headland west of Huka Creek. Beyond the dyke, flows of the Older 
Volcanic Series again appear and continue for some miles westward 
to Hooper Point. 

The extent of the Tertiary beds is evidently limited, for the 
A^alleys of the headwater tributaries of Huka Creek were tfound to be 
carved in Older Volcanic rocks which outcrop almost continuously in 
the beds of the streams. 

BlscAvhere than at this locality, the thickness of the beds of the 
Lower Sul>-Series does not exceed 400 ft» ; here their disposition indi- 
cates that it cannot be less than 1500 ft., unless (as is indeed highly 
probable, since one such fault is known to delimit the western margin 



Bartrum-Turner. — PiUow-Lavas, PeridotiteB . . . Rocks. 115 

of the Tertiary beds of the Huka Creek area) there has been repe- 
tition of the strata by strike-faults. 

3. The Tawakewake Creek Section, Tom Bowling Bay. 

Tertiary rocks are again exposed at the mouth of Tawakewake 

Creek at the eastern end of Tom Bowling Bay, and for half a mile 
north-east along the coast. About 30 ft. of finely laminated sandy 
indurated mudstones project from beneath dune-sands on the western 
bank of the creek, and dip south-west at 35°. A sill of diorite, which 
has caused recognizable induration of the sediments, is in contact with 
them on their eastern margin, and continues for several hundred 
yards as a high coastal bluff to where its eastern, lower junction with 
the Tertiary sediments is clearly visible. These latter consist of about 
40 ft. or 50 ft. of finely laminated sandj" mudstones wliich dip south 
at 25° ; some are highly indurated, remarkably fissile and varve-like. 
At the base of tlie section about 60 ft. of basal conglomerate uncon- 
forma])ly overlies greatly shattered and disordered flows of the base- 
ment Volcanic Series. The conglomerate consists for the most part 
of angular fragments about 3 ins. in diameter derived from the sub- 
jacent Trias- Jura Volcanic Series, though fragments of much larger 
size arc abundant. The cement is a highly calcareous material which 
is crowded with spines of echinoids and remains of bryozoans, while 
a few joints of a large Im and several fragments of Ilcxalasnia were 
also discovered. 

McKay (1894) and Bell and Clarke (1910) do not appear to 
have visited this locality, for they make no mention of Tertiary rocks 
either here or at Huka Creek. 

4. The Wharekau Bay Section of Tertiary Beds. 

There is a further outcrop of the lower beds of the Tertiary 
Scries in the sea-cliffs at the north end of Vliarekau Bay, which is 
on the east coast about 2 miles south-east of the section that has 
just been described. This locality was visited by McKay and Bell and 
(1arke, but appears to have been rather cursorily examined. 

.\t the north end of the beach the cliffs shew a considerable 
development of brown volcanic grits which dip gently south. McKay 
(1894) describes a band of '‘coralline and foraminiferal limestone’' 
overlying those tuffaccous beds, but, as the tide was high, this could 
not be examined by the writers of this paper. A short distance fur- 
ther north, white sandstones outcrop h\gh up in the cliffs and dip 
south above the grits, whilst a few hundred yards still further north 
there is a disturbed fault-zone in which the tuffaccous beds, the white 
sandstones and highly fissile sandy indurated shales similar^ to those 
of Tom Bowling Bay* arc all involved. A large mass of diorite about 
400 yds in width here invades the Tertiary rocks, and is exposed in 
a scri(>8 of rocky bluffs along the coast. The brown arenaceous 
(diaracter of the weathered rock, and the regularity of its major joints, 
cause so remarkable a field resemblance to massive sandstone that it 
was mistaken for such by McKay. The outcrop of the Tertia^ 
sequence is continued beyond the northern edge of the diorite in the 
sea-cliff about a mile and a half west of North Cape. The basal bed 
is a heavy breccia*, 70 ft. or 80 ft. in depth, which is composed of 

H 
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material derived from the Older Volcanic rocks which it unconform- 
ably overlies. It is overlaid by a finely-bedded, white sandstone of 
unknown thoujy^h not f?reat thickness, which dips at 20° to the south- 
south-west, whilst it is displaced by an oblique fault along which a 
dyke of doleritc is injected. Unfortunately, McKay failed to realise 
the nature and significance of the basal breccia, which he considered 
to be the lower i)art of his “ Manukau Breccias. 

o. The Section at Parengarenga North Head. 

It is finally necessary to include in the lower sub-series of the 
Tertiar\' succession, carbonaceous green sandstones, mudstones and 
grits, with irregular lenses of impure lignite, which underlie the 
andesiti(‘ conglomerates of the middle Sub-series, and outcrop along 
a limited stret(*h of the shore-line east of Dyson’s old station on the 
north side of the entrance to Parengarenga Harbour, though the beds 
were left un visited by the present writers owing to lack of time. 
Hector (1872) gives a very complete description of the beds of this 
locality, in which he states that the general dip is about south-west 
and the total thickness of the beds exposed over 300 ft. On the e\d- 
dence of plant fossils McKay (1894) correlates these rocks with the 
lignites and plant -bearing bods of Cooper's Beach, Mongonui, and of 
St. Paul's, Whangaroa. 

Corrdation of Lower Beds of Tertiary Serus. 

Summarizing the evidence disclosed by the sections, the following 
general upward sequence is recognizable in the Tertiary strata: — 

(a) Lower Beds. 

1. Coarse basal eoiigloiiKU’ate. Marine*. I)e])th generally consid- 

erable (up to 70 ft.), but only a few feet at Huka Creek. 

2. Sandstones and mudstones which arc largely marine in origin 

and of shallow water character. Partly terrestrial or lacus- 
trine, for lignites are present at Parengarenga North Head. 
Depth at least 100 ft. to 200 ft., but may be as much as 
1500 ft. in the Huka Creek section. Thick tuffs (100 ft. or 
more) are interbedded at Huka Creek, and at the north 
end of "Wharekau Beach, at more than one horizon. The 
sandstones are invaded by a thick mass of diorite at the 
north end of Wharekau Beach and at Tawakewake Stream, 

at the cast end of Tom Bowling Bay. 

• 

(b) Andesitic Conglomerates, about 1,000 ft. in maximum thickness, 

constituting the Middle Beds.” 

(c) Upper Beds. — Thick sandstones at east end of Spirits Bay, at 

Wharekau and east of Plat Point, Parengarenga Harbour. 

Owing to their misinterpretation of the lithological nature of the 
basal conglomerates, McKay and Bell and Clarke correlate the Lower 
Beds with the Andesitic Conglomerates (‘^ Manukau Breccias ”) of 
Auckland district, and with similar fragmental beds at Whangaroa 
which Bell and Clarke (1909) have named the Wairakau Series. The 
presence of Hexalasma and other Tertiary fossils in the conglomerate 
suggests, however, that the Lower Beds should be correlated with the 
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Waitemata Scries of .Vucklancl, which lies immediately below the 
Manukau Breccias. 

The contact of the Tertiary beds with the Upper Crctaeeons sedi- 
ments of the Rahia Series has not yet been observed, so that the 
exact relations of the two series is obscure. Nevertheless, the fact 
that the former strata rest directly upon the Older Volcanic Series 
in the vicinity of North Cape, though, on the northern shores of 
Pai*engarenga Harl>our, at no great distance from North (^ape, a 
great thickness of Rahia beds is developed, is better explained by 
supposing tliat near North Cape these latter were eroded from the 
basement of Older \"olcanic rocks prior to Tertiary sedimentation, 
than by postulating overlap. The steeply folded and intensely sbat- 
t('red nature of the rocks of the Rahia Series, which contrasts with 
that of the Tertiary strata of the area, also suggests that the former 
were subjected to an early Tertiary orogeny which later beds were 
sjaired. This probability is streiiirthened by the evidence in favour 
of unconformity between probable Cretaceous (Oneralii 

S(*ries) and Tertiary (Waitemata Series) beds in the Whangarei and 
\uckland districts which has recently been brought 1‘orward by 
Ferrar (1921, 1925) and Bartnnn (1924;. 

(b). The Andcsiiic (Umghmivaiis or ih( Middle Sah-Series of 
Tiviiarg Strata. 

The middle beds of the T(‘rtiary Sej'ies are coarse andesitic con- 
glomerates which have a maximum thickness or oM'r bOO ft. and, in 
some places, of probably not less than 1000 ft. Th(‘se congloiiu^rates 
occupy the greater part of tlie area over which the Tertiary beds of 
the area now described arc exposed, and outcrop along a continuous 
belt from the east end of Spirits Bay, through Munro’s statioji at 
the north end of Parengai’enga Harbour, to the east coast, wdiere 
they outcro]) dis(‘ontinuousl 3 ' from the North Head of this latter har- 
bour noi'th to W1iar(‘kau Bluff. McKay (1894) and B(‘ll and Clarke 
(1910) also map those rocks as extending in a strip from a short dis- 
tance inland of th(‘ western end of Spirits Bay Beach, through to 
Waitiki Stream near Te Paid, whilst Bell and Clarke (loc. cit,, j). 
b19) record good exposures of them on the track from Parenga to 
T(* Paki. Karli(*r maps appear to be incorrect in extending the con- 
glomerate beyond the north bank of Waitiki Stream, for the wudters 
traced the Older Volcanic (Whangakea) rocks for several miles east 
from T(‘ Paki along the route to Tc Hapua. 

As will be shown in the S(‘ction on petrography, the conglo- 
merates consist essentially of well-rounded pebbles of andesite a few 
inches in diameter, which have been laid down in thick roughly- 
bedded strata. Their best outcrops are furnished by the occurrences 
at the east end of Spirits Bay, at the coast west of Waitangi Stream 
and in the headlands of the east coast such as those at Wharckau, 
at Maukin Nook, at Coal Point and at Parengarenga Noidh Head. 

At Spirits Bay the beds form a prominent cuesta which trends 
X.W.-S.E. and dips at 20® south-west to Kapo Wairua Creek, and 
are somewhat coarser in their material than elsewhere. West of 
Waitangi Stream the conglomerate is in well-bedded strata which dip 
at 20® to the east. The material there includes a fairly large proper- 
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tion of diorite in addition to the usual andesitic pebbles, and a num- 
ber of irregularly shaped bombs with glassy chilled crusts. 

On the south side of the headland at Wliarekau the conglomerate 
is covered conformably at high levels by sandstones, and, towards the 
south, is followed at beach level by a series of sediments which dip 
south-west at 25° and closely abut against a mass of the conglomer- 
ates which is disturbed by faults causing rapid variations of direction 
of strike and dip. The actual contact of the two sets of beds is not 
visible, but it seems probal)le that the sediments belong to the Upper 
vSub-Series of Tertiary strata. 

The direction and steepness of dip varj' somewhat rapidly in 
the conglomerate at Wharekau and southward towards Coal Point, 
but, west from this latter locality, the dip is prevailingly towards the 
south-west, generally at angles of 15° or 20°. The synclinal structure 
recorded by Bell and Clarke (1910) could not be recognized. The 
beds of the headland in which Maukin Nook is situated have gener- 
ally a gentle dip to the east, though Bell and Clarke (1910) record 
from here (= Coal Point of Bell and Clarke's map) a band of inter- 
bedded lignite 6 chains long and 1 ft thick which dips south at 35° 
Th(» i)resent writ'^^rs did not see this bed for they did not visit the 
shores of the Nook itself, but they observed numerous carbonized and 
silicified tree-trunks, one not less than 20 ft in length and 1 ft. in 
diameter, and noted the abundance of shale and mudstone relativi* 
to andesite in the conglomerate, and the much smaller size of tlv* 
constituent pebbles as comi)ared with those of other outcrops. 

At a small headland immediately south of Dyson at the North 
Head of Parengarenga Harbour, the conglomerates outcro]) in juxta- 
position to debris of Upper Cretaceous (Rahia) beds. Their substan- 
tial conformity both with the sediments of Ihe Upper Sub-Series of 
Tertiary beds and with those of the Lower Group below them is 
undoubted, and conditions of occurrence at Parenga and near 
Dyson's, taken in conjunction with evidence in favour of uncon- 
formity of the Upper Cretaceous to the Tertiary strata elsewdiere in 
Au(*kland Province, suggest that the conglomerates ha^'e overlapped 
ui)on resistant erosion-residuals of Cretaceous rock. 

On the east shore of a small inlet about a mile and a half east 
of Flat Point, Parengarenga Harboiir, the andesitic conglomerates 
emerge from beneath a thick south-west dipping series of sandstones 
with which they appear to be confonnable. These latter are mapped 
by McKay (1894) as below the conglomerates, but, in the absence of 
reliable palaeontological evidence, they are here placed on strati- 
graphic grounds in the overlying Upper Sub-Series of beds. As, 
liowever, the writers could not find time to visit the coastal section 
eastward towards Dyson ’s, and other perhaps vital areas immediately 
north of Te Hapua, they wish freely to admit the possibility that 
the sequence they have just described may have been inverted by 
thrust faulting. 

(c). The Upper Beds of the Tertiary Sequence, 

The Upper Beds of the Tertiary Coal Point Series include sand- 
stones, mudstones, grits and minor conglomerates, which are devel- 
oped extensively inland from Spirits Bay Beach and along the 
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northern shores of Parengarenga Harbour. Similar beds have minor 
development in sea-cliffs immediately south of Wharekau Bluff on 
the east coast. The maximum thickness of these Upper Beds may be 
as gi'eat as 1,000 ft. 

Inland from Spirits Bay Beach the area underlain by these 
sediments consists of low hills which contrast strikingly with the 
juuch steeper and higluu’ hills carved in the more resistant flows of 
the Older Volcanic Series lo the west and in the andesitic conglo- 
merates to the cast, and, like these latter, often re])ioduce 
the eiiesta tyi)e of divide. The strata of this area consist of soft 
sandstones, alternating with thinner beds of mudstone; they dip 
approximately south-west at low angles and are practically devoid of 
fossils. McKay deseri])es them as conformably overlying the andesitic 
conglomerates, but Bell and (^larke map them as '' Older Debris ” 
of Pleistocene age. Their inclined disposition, conforming with that 
of the andesitic conglomerates, and their lithological difference from 
the Pleistocene accumulations of the area descibed in this paper, 
indicate, however, that Bell and Clarke's alteration of McKay s map- 
ping is not justified. 

(rood exposures of sandstones, gidts and mudstones with occa- 
sional thin lensc\s of greyw aeke-conglomerate, arc displayed in the 
cliffs along the northern shore of Parengarenga Harbour for dis- 
tances of about a mile north and two miles east of Flat Point, whil(‘ 
conglomerates containing, amongst other material, flinty bould^-rs 
apparently derived from subjacent Upper Cretaceous beds, appear to 
1 k‘ int(‘rbodded with the finer sediments on the crests of the divides 
about a jnile inland. The b(*ds are fossiliferous, l)ut no collecting was 
possi])le in the limited time available. Their dip varies considerably 
in magnitude, but preservi^s a fairly constant south to south-west 
direction. As already stated on p. IKJ the writ(Ts place these beds 
aboiu the andesitic conglomerates and not hrlow them as was dom* 
hy McKay (1894), 

On the south side of AVharekau Bluff sandstone.s, with thin inter- 
calated beds of mudstone, which lie eonformalfly above the andesitic 
(*()nglf)Tn(‘rates ('onstituting the bluff, are well displayed at high levels. 
V lew chains south of these high-level outcj’ops there is a fault, and, 
])evond this, aboui 150 ft. of sjindstones api)ear at beach level and 
dip south-west at 25'', Interbedded with them there is a fuffaceous 
band which contains a few large bryo7X)a, iiumerous fragments of 
crushed inolluscan shells, broken cchinodermal remains and occasional 
fora miiiif era. It appears probable that these are down-faulted repre- 
sentatives of the sandstones overlying the volcanic conglomerates. 


4. Pliustocene and Recent Deposits. 

Under the heading of Pleistocene and Recent deposits are in- 
cluded all those rocks which have accumulated since the first great 
uplift of the Kaikoura orogeny, which closed the cycle of Tertiary 
marine sedimentation in North Auckland approximately in early 

Pliocene times. , . t x* 

Possibly the oldest beds of this group are those desenbed from 
the southern end of Twilight (Rahia) Bay by Bell and Clarke (1910) 
as members of their Older Debris.’’ 
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In this locality a horizontal basal bed about 2 ft. thick, com- 
posed of small well-rounded pebbles, rests unconformably upon older 
rocks (Kahia Series) and passes up into about 50 ft. of horizontally- 
bedded white and yellow sandstones, which, in turn, give place ui)- 
wards to consolidated dune-sands. 

Similarly, two small outliers of white sandstone, which lie above 
the andesitic conglomerates on the plateau-like divide immediately 
west of the mouth of Waitangi Creek, shew horizontal stratification 
and appear to be subaqueous in origin. Such gravels and sands are 
probably fluviatile deposits of local extent, which belong to the same 
scries of beds as the dune-sands above them. 

Drifting dune-sands of Keceiit age and their consolidated Phdsto- 
<*0110 equivalents occur extensively along many of the coastal ar(‘as, 
particularly south of Cape Reinga and in the vicinity of Parenga- 
renga H('ads, and have a remarkable de\ elo]iment in the giant torabolo 
south of the area described in this paper. Recent dunes characterise 
the coastal portions of areas where filling and progradation have 
» followed the widespread and considerable depression, which, as 
already noted in the Phyvsiogruphy Section, affected the North Cape- 
(\ipe Maria van Diemen terrain in common with the rest of North 
Auckland in Sub-Recent times. 

In some localities, notably aliout three-quarters of a mile east 
of Cape Maria van Diemen, the consolidated dune-sands contain 
thousands of shells of terrestrial gasteroi)ods (see Pig. 7), amongst 
wdiich are the following species: — Placostjfhis hongii amhagiosus Sut., 
Phjjtula dxiplicata Sut., Realia tnrriculata Pf., Paryphania hushyi 
((ii'ay ), Serpho kivi (Cray) and others* 

Similarly, innumerable ancient Maori middens and ovens are 
exposed in the dune areas of the coasts, and, whilst human bones and 
chips of o])sidian are often very abundantly associated wdth these, 
polished implements or ornaments are surprisingly scarce. 

As these' Recent and Pleistocene sands have been descidbed in 
d('tail by previous writers, nothing further need be added in the 
present description, unless to make mention of the remarkable bad- 
land topography carve l at the north end of Twdlight Bay from ancient 
dune material (see Pig. 4), and to remark on the fact that, a little 
east of the sand-dune area of this locality, the deej) clays of less 
elevated ])ortions of the topography’' are highly” suggestive of loess. 

In addition to the types of deposit already described there are 
alluvial gravels and silts which mantle terraces and small flood-plains 
in the lower reaches of many of the streams and belong to this group 
of beds, whilst there are also estuarine sands with Recent molluscjs, 
which have Ix'en described by McKay (1894) as building extensive 
flats, such as that at Plat Point, about 10 ft. or 15 ft. above high- 
w”ater level around the borders of Parengarenga Harbour. 


♦The writers are indebted to Mr. A. ‘VV. B. Powell for identification of 
some of these species. 
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Intrusive Eocks and General Petrograi^iiy. 

This section of the present paper is reserved for description of 
the igneous rocks, which may conveniently be grouped as follows: — 

A. Intrusive Rocks. 

Rocks intrusive into members of the stratigraphic series 
already described. 

B. The Older Volcanic (Wlianftakea) Series and Later Pillow-Lavas. 
(\ The Mid-Tertiary (Coal Point Series) Conglomerates. 

1). Igneous Rocks of Uncertain Horizon. 

p 

A. Intrusive Rocks. 

The intrusive rocks of the district may be considered to fall 
])roadly into two main groups which are based upon both field and 
]>etr()grai)hic characters. One of those lends itself to further sub- 
division. 

1. Peridotitic and Gabbroid Rocks of the Kerr Point -North Cape 

Mass. Probably Early Cretaceous in age. 

2. Minor Intrusions. 

(a) Dykes of dioritc and dolerite of pre-Miocene age. 

(b) Dioritic intrusions in the Coal Point sediments. Pro- 

ba])ly Miocene in age. 

1. Peridotitic and Gahhroid Rocks of the Kar Point-North Cap( 
Mass. 

(ioKvat Description. 

A most interesting series of ultrabasic and gabbroid rocks was 
discovci’ed by Bell and Clarke (1910) at the coast near North Cape 
and Kerr Point. Whilst the present authors cannot claim to have 
made a thorough (‘xajiiination of the area, they consider, nevertheless, 
that Bell and Clarke overestimate the importance of noritic or gabb- 
roid rocks in relation to the peridotitic. The coast at North Cape, 
and thence north-west for half a mile and south-west for over a mile, 
consists, it is time, wdiolly of gabbroid rocks, but at Kerr Point ultra- 
basic rocks were followed continuously from both the west and the 
east margins of their occurrence for distances aggregating well over 
half a mile, and preponderated in quantity over the gabbroid. The 
dominant rocks i)roved to be peridotites and pyroxenites which arc 
generally in relatively unaltered state, though sometimes considerably 
serpentinized. These have been intersected by numerous small dis- 
continuous lensoid bodies or larger dykes of gabbroid rocks, which 
shew considerable variety both in mineralogical constitution and tex- 
ture, and are especially prominent on tlie western margin of Kerr 
Point. At this last locality they include an extremely coarse norite 
(Containing liypcrsthene, hornblende and diallage, in wdiich the crys- 
tals are sometimes over 4 ins, in largest dimension. It is almost 
impossil)le to separate the various ultrabasic rocks one from another 
in tht^ field, for partial serpentinization of olivine completely masks 
the character of many types. Microscope sections demonstrate, how- 
ever, that they differ rather markedly in the proportions of the olhine 
and pyroxenes present) and range from dunite-serpentinc to Iherzo- 
lite and wehrlite. One section of serpentine (N.C. 19) shews that 
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the rock from which it was cut may have been derived from harz- 
bur^te of which the original enstatite is now represented by “bas- 
tite, ’ but not one of the 31 slices cut from various portions of 
the gabbroid and ultrabasic intrusions shews any identifiable ensta- 
tite, though numbers possess hypersthene which contains relatively 
so little iron that its pleochroism is scarcely distinguishable. The 
optical character of the mineral was tested time and time again, and 
proved always to be negative, whilst the curvature of the hypei’bolic 
brushes in interference figures indicated an optic axial angle less than 
that of either enstatite or bronzite. It thus appears probable that 
the mineral recorded by Bell and Clarke (1910, p. 623) as enstatite 
should be called hypersthene. 

As already remarked, it is difficult to estimate exactly what part 
harzburgite-serpentine or dunite-serpentine plays in the make-up of 
the main intrusion, for insufficiently numerous sections of the general 
serpentine, of which most other types appear to be subsidiary phases, 
were made to do more than establish the presence of both facies. 

Wehrlitc (N.O. 18, 18a) possessing different degrees of coarse- 
ness of gi'ain is v(‘ry abundant on the west edge of Kerr Point, whilst 
on its eastern border, a little north-west of North Cape, there is a 
considerable mass of Ihcrzolite, as already described l)y Bell and 
(darke {loc, (it.). Pyroxeiiites similarly arc occasionally prominent, 
as is exemplified by a websterite (N.C. 02) on tlie western portion of 
the Kerr l\)int jiromontory, and by a Ihcrzolitic rock 14) 

immediately west of the North Cape llun’zolite that lias just becm 
mentioned. 

Detailed Description of Vlfrabasic Intrusive Rocks. 

In the rock described as wehrlitc (N.C. 18, ISa), diallage, and 
serpentinized olivine associated with the usual strings of magnetite, 
are sub-equal in amount, the large rather rounded crystals of the 
former being enwrapped by the latter (sec Fig. 8). In section N.C. 
18a the lamellar twinning of the diallage is made obvious by what 
ajipears to be incipient alteration to sonu* unidentified product. In 
the Iherzolite (N.C. 1, 38) the grain-size is large, for crystals 4 in. 
or more in length are not uncommon. The proportions of oli\ino to 
pyroxene vary, but the former mineral is at least equal in amount to 
the latter. The olivine is partially serpentinized and has given rise 
to dense strings and masses of secondary magnetite. In one section 
(N.C. 38) the pyroxene is mainly hypersthene which exhibits fine- 
scale lamellar twinning and poicilitically encloses chondri of olivine, 
but there is also a little colourless monoclinic pyroxene which appears 
to be augite. In the other section (N.C. 1) the augite is perhaps more 
abundant than the hypersthene, though in much smaller crystals. A 
little interstitial altered basic plagioclase is present, whilst small 
amounts of bastite, talc and uralite are associated with the pyroxene. 
The Iherzolitic rock (N.C. 14) recorded from near the typical Iherzo- 
lite just described, contains a greatly reduced quantity of olivine (25 
per cent.). There is no feldspar and the pyroxene is mainly augite, 
though polysynthetically-twinned hypersthene is represented by a few 
crystals. Some of the pyroxene is permeated by minute vermiform 
markings which seem to be elongated fluid inclusions, though their 
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appearance strongly resembles that obtained with micn^grnphic inter- 
growth. Brownish-green hornblende occurs in ragged crystals which 
are chiefly concentrated along a narrow shatter-zone ; with it there is 
a quantity of secondary bladed actinolite, whilst chlorite and talc are 
found elsewhere as derivative of the pyroxene. 

The websterite (N.C. 52) recorded above is essentially a diallage 
rock, though hypersthene is also an important constituent ; incipient 
alteration has again caused the lamellar twinning of the di allage to 
be especially obvious. 

In addition to the pyroxenites described, there arc occasional 
small dykes of an altered diallage rock (N.(^ 11) in which a small 
quantity of greenish hornblende, tinged here and there by ])rown, is 
the only constituent besides the diallage. 

This latter mineral is often altered to an almost opaque whitish 
product in which the high birel'ringenee of the original mineral is 
still recognisabl(‘. 


Gahhroid Rocks of the Minor Intrusions Associated with the Ultra- 
basic Complex. 


Qabbroid dykes in^a Jc the peridotites and allied rocks described 
in the last section, esi)ccially on the west margin ol! the mass. In 
hand-sj)ecimen the roi*ks of these dykes are generally normal coarse- 
grained types. Tho'w varieties include granoidiyric rpiartz gabbro; 
anorthosite or anorthositic gabbro; olivine' norite oi* gabbro; gabbros 
and norites with occasional hornblende in addition to both monocliiiic 
and orthorhombic pyroxenes; and finally gabhi’os in which the usual 
pale-green augite is largely converted to uralite. 

Th() granophyric quartz gabbro and the olivine gabbros or norites 
were not located in situ, but were identified i'rom sections cut from large 
lieach boulders at the west margin of Kerr Point. The quartz gabbro 
^N.(\ 53) has a most unusual structure. Tralite is an abundant con- 
stituent; it is associated with cores of almost colourless greenish 
augite and a small amount of probable hyperstlnnK' and is in slightly 
less quantity than plagioclase (basic labradorite ) . Th(‘ latter mineral 
is in two generations, for there are crowded nests of lath-like crystals 
about 0.4 mm. in length around which large ciystals of plagioclase 
have crystallized (sec Fig. 11). Mcanwdiile, the uralitized pyioxeiie 
ophitically enwraps the feldspar and occasional large masses of iron 
ore. Finally, there is a moderate quantity of interstitial microgra- 
phicaUy intergrown material, which consists of quartz and an albite- 
twimied feldspar possessing an index of refraction greater than that 


of (^anada balsam. 

Generally the feldspars present very clean-cut idiomorphic bor- 
dei's to the micropegmatitic material, but in a few^ instances tlm mar- 
gins of the larger crystals are somewhat ragged. Dr. \\ . N. 
has suggested in explanation of the unusual relations between the 
two generations of feldspar, that the larger crystals began crystalliza- 
tion at an earlier date than the smaller, but later continued the pro- 
cess oontemporaneously with the latter, and thus finally ivere moulded 

upon them.* 


♦Personal communication. 
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The more typical gabbros vary rapidly in facies as a result of 
differences in the proportions of the constituent minerals. More leuco- 
cratic phases arc* represented by anorthositic rocks which occur as 
narrow dyke-like portions of larger gabbroid masses witli the usual 
abundant ferromagnesian minerals. One such rock when sectioned 
(N.C. 39) proved to be composed of about 80 per cent, of plagioclase 
(? basic labradorite), with a little over 15 per cent, of colourless 
monoclinic x)yr()xenc ( ? diopside) and a relatively large amount of 
rather strongly pleochroic sphene. This last mineral occurs as small 
wedge-shaped crystals, which arc collected in bar-like aggregates in 
close association with tlie pyroxene, and ]) 0 ssibly roi)rescnt original 
ilnienite. The feldspar is somewhat shattered, so that exact deter- 
mination of its \ ariety proved impracticable. Another unusual leueo- 
cratic rock forms conspicuous veinlets, a few inches wide, in the 
lh(‘rzolite north-west of North Cape. It is a coarse-grained rock with 
dark ferromagnesian crystals as much as 1 in. in length, and quite a 
number of small amber-coloured grains of sphene visible in hand- 
specimen. Whitish material constitutes about 75 per cent, of the 
rock and j)roves in section (N.C. 76) to be plagioclase which is now 
largely converted to scales of a moderately highly retractive and 
strongly birefringent mineral. This has positive optical character 
and negative elongation, so that it is j^robably prehnite. With the 
prehnite there are minute ramifying veinlets of actinolite, whilst the 
large dark (*rystals of ferromagnesian mineral are brow)i hornblende* 
or a pale-green variety fringed with brown. The sphene recognised 
macroscopically is not plentiful in section. 

Amongst other gabimos, mention may lx* mad(* of an irregular 
lens-like intrusion of hoimblcndc gal)bro (N.C. 42) which iH*nctratc‘s 
the serpentine near its extreme westerly margin at Kerr Point. Its 
feldspar (basic labradorite) varies from ])oint to })oint in its jn'opor- 
tions relative to hornblende, but appears generally to be in excess of 
this latter. It is associated wdth derived rosette-like groups of preh- 
nitc and minute spherulilic giwths of chlorite. There is a large 
amount of i)ale-gre(‘n to Iduisli-grecn i)rimary hornblende, and abun- 
dant fibrous secondary amphibole, W'cdged in ))ctween crystals of 
plagioclase, whilst in ])arts of the sectioji there are relatively large 
masses of sphene and magnetite. Tlie structun* is coarsely holocrys- 
talline and frequently o])hitic. llyj)erstheue and ])ale-green augite 
or diallage are the most plentiful ferromagnesian constituents, and. 
though all have been more or less convertcil to uralite, augite is the 
first to suffer such alteration. The hypersthenc gcm'rally exhibits the 
usual multiple twunniiig, and frequently is minutely intergrowu with 
monoclinic ])yroxeiie disposed along the composition pianos of the 
twin. Hornblende geni*rally accompanies the ])yr()xcn(‘, usually foj’m- 
ing intergrowdhs with this latter. It is doubtful whether or not it is 
primary; it may be magmatieally derived from pyroxene as so ofti*u 
appears to bo the case with the arnphilmle of gab])roid I’ocks. l\sually 
it is grecnish-browui in colour, but may 1)0 pale-green. 

Ilyperstliene and monoelinic pyroxenes (both augite and dial- 
lage) arc present in nearly all the varieties of gabbroid rocks, and 
ill such nearly equal jiroportions that the latter must be classed as 
iioritic gahbros. There is uo hypersthenc, however, in a ui’alitc-augite 
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gabbro (N.C. 50) whicli forms a 20 ft. dyke on the exti*onie west 
border of the i)eridotites. Olivine norite-gabbro was identified only 
from large beach bonldoi's. About 8 per cent, to 10 per cent, of 
olivine is present in the rocks sectioned (N.O. 49, 58) ; it is in moder- 
ately unaltered crystals which accompany the other ferruinagnesian 
minerals usual in these rocks. 

The Noritic Gabhro of North Cape. 

An extensive mass of gabbroid rock forms the coast for about 
half a mile north-west and over a mile south-west from North Oape. 
Tlie rock is typically a fine-grained basic type, but is subject to varia- 
tions in textuiK', and, near North Cape itself, is strongly gneissic in 
structure (see Pig. 9). The foliation is believed to be due to i)iezo- 
crystallizatioii; it is vcr>' regular in orientation and trends approxi- 
mat(‘ly N.W.-S.E. with a dip of 20'’ to the south-west. Locally it is 
on a ATry fine s('alo, but more generally it is coarse and i*egular, 
exliibiting laminae about J in. in dei)th which are alternately rich 
in feldspar and ferromagnesian minerals. AVest of North Cape this 
gneissic rock is associat(‘d with Iherzolite, but the mutual relations 
weri' not determined. 

It is difficult to (‘onceive how the variations of structure and 
certain alternations of t(‘xture and mineralogical differences shewn 
by different parts of the main gabbroid intiusion can be due to diveu-- 
gences in the rates of cooling of different portions of a single injected 
magmatic body, and, although no supporting evidenci' Avas obtained 
in the field, it appears jriore ])robable that the intrusion Avas not a 
single event, but i)artook of tlie nature* of a multi])le injection of 
))odies of almost identical magma, probably at closely spaced intervals 
of time. On this hypothesis, the gneissic ]>ortiou of the gabbro is 
ca])able of two interpretations. Jn the first jdace it may be considf^red 
the earliest phase of the invasion of magma. Tf this be so, the unila- 
teral pressure i*esponsible for its foliation must largely have found 
relief before late]* injections occurred, for the only suggestion of 
oriented stress i’urnished by other rocks of the mass lies m granular 
pyi’oxene and ragged, bladed uralite illustrated by two of the sec- 
tions prepared from repre.SK*iitatiAT rocks. 

As an altermitive, it is conceh^able that the gneissic gabbro w^as 
the last phase of the intrusion, and that the earlier associated gabbros 
had been intruded in adAunce of an ei)Och of severe ])ressure Avhieh 
accompanied the inje(*tion of the gneissic body. Following this aucaa, 
the foliation of this latter, lacking in the earlier gabbros, was possible 
only because of high temperature (the temperature of solidification) 
acting in conjunction with pressure. The first of these interpreta- 
tions, namely, that the foliated portion of the gabbroid intrusion 
represents the earliest idiase of the injection, appears to the writers 
to be the more probable. 

The gabbi'oid rocks prove microscopically to be more or less 
ophitic noritic gabbros in which the femic minerals are generally in 
excess of tlie feldspar (either basic labradorite or bytoAvnite). The 
ferromagnesian minerals are generally augite, liypersthene and ura- 
lite, wiiich is extensively developed from both pyroxenes, though more 
especially from the augite. In one or tAvo rocks (N.C. 8, 10) corner- 
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sion to uralite has almost been completed (sec Figs. 12, 13). In most 
instances augite has been present originally in greater quantity than 
hypersthene. In one slide (N.(\ 10) a little probable quartz is 
pre^^sent, though it does not lend itself to ready identification. In 
this same rock, there is also a little minutely micrographic material 
and a small quantity of an interstitial mineral, in fibrous radial sheaf- 
likc aggregates, which appears to be a feldspar. In another rock 
(N.C, 9), brownish-gi*een hornblende is plentifully associated with 
])yroxene as if intergrown with it, and appears to be derived from 
the latter mineral. The pyroxene is in small granular crystals about 
0.2 mm. in diameter, whilst the plagioclase has especially ragged out- 
lines as a result, it is believed, of unilateral pressui’e. (Sec Fig. 10). 

A number of narrow holocrystallinc dykes of lighter colour than 
the general rock penetrate the gabbro south-west of North Cape. Of 
those sectioned, one (N.C. 40) is very similar to the diopside-sphene- 
rich rock described by Bell and Clarke (1910, p. 623) as forming 
dykes in the Iherzolite near North Cape, but differs in possessing a 
greater amount of feldspar. The rock here dcscril)ed is an e^ en- 
grained holocrystalline tyi)e A\ith about 50 per cent, of colourl(‘SS 
l)yroxene (? diopside), between 1 per cent, and 2 ])er cent, of spliene 
and the remainder basic labradorite. The rock of another such dyke 
(N.C. 4) vas found to be a quartz-augitc diorite. The feldspar (acid 
labradorite 1 is in rather lath-shaped crystals and dominates over 
almost colourless paidially uralitizcd a.ugitc. There are groups of 
sphene and iron-ore, though these minerals are not unusually almii- 
dant, whilst quartz constitutes about 10 i)cr cent, to 15 i)er cent, of 
the rock. Still another type (N.C. 24) is dominantly feldspathic, 
with only about 15 per cent, of pyroxene (? diopside) and with 
about 2 per (*ent. of sphene. Tlu* feldspar is greatly altered and 
weathered, and is replaced here and there by large clear masses of 
a zeolite which resembles natrolite. 

An analysis of a typical moderately coarse-grained noritic gabbro 
(N.(^. 48) from near the southernmost margin of the gabbroi 1 mass is 
given in Column 1, Table 1. The rock is somewhat ophitic, with 
about 40 ])er cent, of modal plagioclase, and is relatively free from 
decomposition or alteration. Augite is slightly in excess of hypers- 
thene, and has been the later of the two to crystallize, for it is often 
moulded upon the hypersthene. The analysis calls for no special 
comment apart from its high percentage of lime, which is co-ordinated 
with a high proportion of normative anorthite. 

Age of the North Cape-Kerr Point Intrusives. 

West of Kerr Point, and also on the east coast a short distance 
south of Whiriwhiri Stream, the peridotites and gabbros ai)pear to 
invade the flows of the Older Volcanic Series, which ai'c intensely 
shattered and crushed near the contact, and frequently are impreg- 
nated with pyrite, which is alsd found in some of the intrusive rocks 
themselves. They thus definitely post-date the Older Volcanic Series, 
and, as already indicated in a previous section, though the date of 
intrusion may therefore possibly be Eoe^e (p, 109), the gneissic 
nature of some of the rocks in question strongly supports the proba- 
l)ility that they were injected in Early Cretaceous times, and broadly 
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speaking, accompanied the great orogenic movement which closed the 
llokonni period of sedimentation in New Zealand. 

2. Minor Intrx\sions. 

In addition to a closely related series of intrusions forming part 
and parcel of the Kerr Point ultrabasic and gabbroid mass, there are 
a numljcr of injections which fall fairly completely within two groups 
so far as date ol‘ intrusion is concerned. 

The earlier group has invaded rocks of the Older Volcanic 
(Whaiigakea) Series of probable Trias- Jura age at a date prior, it 
is believed, to the conclusion of the orogeny which terminated the 
prolonged Trias- Jura sedimentation, for the rocks of several of the 
intrusions indicate by bent lamellae of plagioclase, and other signs, 
that they have been subj(‘cted to considerable pressure during or 
since their consolidation. 

If the Older Volcanic Series is correctly assigned to the ITokonui 
System, it would then appear most probable that the early Cretaceous 
orogeny not only affected the lavas of this series but also tlie rocks of 
intrusions wliicli wx're themselves an accompaniment of the early 
phases of the orogeny. 

The s(‘<*ond group of intrusions referred to intrudes into tlu‘ 
sediments of the Coal l^oint Scenes (? Miocene). 

(a). Pre-MioeoK (.^ Earhj Cretaceous) Intrusive Rocks, 

Most of the dykes included in this group are plac'd there because, 
as has just l)een stated they intrude into the older volcanic rocks 
and shew' evidence of having been subjected to intense ])ressure siiict* 
tlieir consolidation. Though the intrusions are quite small, their rocks 
have plutonic facies, thus indicating that considerable de])ths of the 
original cover have been removed since the injection of the dykes. 
It is Ijy no means improbable that the period of intrusion of th(‘ 
majority was the same as that of the Kerr Point ultrabasic and 
gabbroid mass. 

The exam])les recorded could doubtless have been increased con- 
siderably if thorough examination of the northern coast had been 
])ractical)le. 

They are: — 

1. A wide dyke of micrographic pyroxene-quartz diorite (N.C. 

01 ) outcropping at the shore about 1 mile east of Cape 
Maria van Diemen. 

2. A narrow dyke of pyroxene diorite (N.C. 2) discovered in 

th(» sea-cliff near the mouth of the stream at Pandora, 
Spirits Bay. 

3. An intrusion, probably of limited size, re])resentcd l)y large 

blocks on the east wall of the valley at Pandora about 300 
yards south from the shore-line. Its rock is an augite dio- 
rite containing brown hoi:nblcnde (N.C. 41). 

4. A doleritic dyke, 21 ft. wide, trending N.65° W., associated 

with pillow-lavas at the southern end of Twilight (Rahia) 
Bay. There is no evidence of pressure having affected the 
rock of this intrusion, but its petrographic similarity to tho 
pillow-lavas suggests that it is the hypabyssal equivalent 
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of these latter, which the writers have included in the Upper 
Cretaceous Rahia Series. 

Macroscoi>ically this rock closely resembles a greensand 
-upon casual inspection, but the rocks of the other dykes in 
this group arc typical fine-grained dioritic types. 

Examined microscopically the pyroxene-quartz diorite (N.C. 61) 
recorded from 1 mile east of Cape Maria van Diemen proves to be a 
moderately" even-grained holocrystallinc rock containing approxi- 
mately 60 per cent, of plagioelase (acid labradorite) in lath-like 
crystals which seldom exceed 1 mm. in length, and which are built 
around about 25 per cent, or more of sub-idiomorphic slightly titani- 
fcrous pyroxene and about 10 per cent, of ilinenite in large crystals. 
Here and there arc masses of minutely micrographically or spheru- 
litically intergrown material enclosing large crystals of plagioelase 
or other earlier mineral. The spherulites appear to be almost wholly 
feldspathie ; the micrographic iiitergrowths are on so fine a scale that 
(*xact identification of the constituent minerals is not possible, y ct a 
small amount of quartz Avas detected elsewhere in the section and it 
is probable that both quartz and feldspar ( ? orthoclase) are ])rcsont 
in the inter groAvths. There is no evidence that the material is myrme- 
kite. It appears rather to be a product of end-stage crystallization as 
dc'seribed by Colony* for similar iiitergrowths in nointic rocks from 
Sudbury, Ontario, and elsewhere. 

The pyroxene diorite from Pandora (N.C. 2) is a weathei’cd 
fairly coarse-grained rock with abundant very pale green augite in 
granular aggregations which suggest shattering by pri^ssure Larger, 
less plentiful crystals of hypersthene accompany the augite Secon- 
dary amphibole and chlorite abound in some i)arts of the slide and 
may be in stellar and sheaf-like forms. The pyroxeiu'-hornblende 
diorite from the Pandora valley is similarly an altered and W(‘athered 
type with prominent kaolin and chlorite. The fcmic minerals are 
subidiomorphic deep-lirowii hornblende with a less amount of pink 
titaniferous augite and 4 per cent, or 5 per cent, of ilmenite. Tlu»re 
are numerous small sharp prisms of apatite and a very little radially 
fibrous mineral which appears to be a feldspar. Plagioelase consti- 
tutes about 60 per cent, of the rock by volume but is so weathered 
that its variety was not determined with certainty; it is apparently 
basic andesine. 

The last of the rocks described in this grouij — ^the dolerile fi’om 
Twilight Bay (N.C. 33) — is a coarse-grained ophitic rock which has 
been greatly altered and Aveathered. Pinkish, faintly pleochroic aug- 
ite (about 25 per cent.) and ilmenite (about 5 per cent.) in long 
irregular rods are the only primary femic minerals, unless rare 
chloritic pseudomorphs preserving cracks and form suggestive of 
olmne actually represent that mineral. The plagioelase sometimes 
encloses close-spaced needle-like prisms of broAvn hornblende or of 
pale-green augite. Needles of apatite are ubiquitous. Weathering 
again militates against exact determination of the variety of the 
plagioelase. It is, howcA-er, at least as basic as acid labradorite. The 

*R. J. Colony, The Final Consolidation Phenomena In the Crystalliza- 
tion of igneous Rocks, Journ. of QeoU vol. 31, 1923, pp. 169-178. 
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secondary minerals include chlorite, a little opal, chalcedony in radi- 
ally built masses and a poorly refractive and poorly birei'ringent 
mineral in radial or divergent fibres which is associated with the 
chalcedony. It generally is very deeply clouded, or even rendered 
almost opaque as a result of some form of decomposition, and is 
referred with considerable doubt to some or other zeolite (? stilbite). 

The classification of this rock as a dolerite is perhaps of)en to 
doubt in view of the uncertainty of the variety of the plagioclase. 
Its strongly ophitic structure, however, i)oiiits to this being its cor- 
rect position. 

(b). Intrusions hi the Coal Point Sedimoits (.^ Miocene). 

Three important intrusions were located in sediments of the Coal 
Point Series ( ? Miocene) not far from Kerr Point and North Cape. 
One of the largest is a sill of quartz-augite diorite (N.O. 5), 300 ft. 
or 400 ft. in depth, which intrudes into fine-grained sandstones near 
the base of th(‘ Coal Point Series as develo])ed at the oast margin of 
Tom Bowling Bay. Its lower surface is distinctly chilled and accords 
])erfectly with the stratification of the laminated sandy mudstone 
Ix^neath i1. The mudstone exhibits no sign of medamorphisin other 
than slight marginal induration at the westeim margin of the sill 
near the mouth of Tawakewake Creek. 

In hand-specimen the diorite is a com])act fairly finely crystal- 
line rock which weathers d(‘eply to a sandstone-like mass whieh can 
only l)e determined as igneous in I'elatively fresh exami)lcs. It con- 
tains about 45 per cent, of felds])ar (acid labradorite), 15 per cent, 
of quartz and a very small quantity of micrographically intergrown 
ipiartz and orthoclasc; the balance of the rock is mainly pale green 
aiigitc with a moderate quantity of uralite, some gr(‘enish-l)rown 
hornblende, and magnetite in normal (juaiitity. 

A second member of this grou]) of intrusions outcrops on the east 
coast a little north of AVaikuku Flat. It is a mass of microgra])hic 
<piartz diorite (X.(^. 23) similar to the preceding one, but its relations 
to the inti’uded strata are not discernible and its thickness is greater 
than that of the sill just dc^scj’ibed. In its weathered condition at 
its outcro}) it so closely resembles a sandstone as to have l)(‘en 
described as such by earlier workers. In section the rock is domin- 
antly feldspathic, the feldspar (acid labradorite) being in stout lath- 
shaped crystals which are accompanied by about 15 ])er cent, of 
<iuartz, and a lesser quantity of chlorite which is associated wdth 
occasional ragged remnants of brownish green hornblende and a little 
magnetite. There are, in addition, a fairly large proportion (10 per 
cent.) of micrographically intergrown quartz and feldsi)ar which 
enwrap earlier minerals (see Fig. 17), and a few needles of apatite. 

The third intrusion of this period intersects heavy basal conglo- 
merates of the Coal Point Series outcropping on the coast 14 miles 
west of North Cape. It pi^oved to consist of a most interesting coarse- 
grained doleritic rock (N.C. 30) which includes alkaline varieties 
amongst its feldspars. These latter minerals constitute 50 per cent, 
of the rock, and are generally in lath-shaped crystals about 1 mm. in 
length ; basic labradorite is the dominant variety, but there are also 
occasional crystals of albite, others of probable orthoclasc and several 
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fairly large anlicdral ones of an unidentified alkali feldspar closely 
crowded with vermiform growths of chlorite. It has a refractive 
index considerably lower than that of Canada balsam, and shews faint, 
highly irregular sub-microscopic twinning reminiscent of that of anor- 
thoclase. An additional section was made from the only duplicate 
available, but failed to shew any trace of the mineral in question, and 
it is therefore believed to be present as xenocrysts. There is a possi- 
bility that this feldspar is albitc, for lath-shaped crystals of this 
mineral were detected by their low refractive index and positive 
optical character, but the irregular outlin(?^f the (?) anorthoclase 
suggests that its origin, in any case, differs from that of the more 
tabular albile. The analysis of this rock (No. 2 of Table 1, p. 131) 
shews its relative basicity. The content of alkalis, though not high, 
is above tlio average and is clearly due to the presence of modal 
alkali feldspar. ^ 

Immediately west of Huka Creek, Tom Bowling Bay, there is a 
massive intrusion which outcrops at the shore-line for several hundred 
yards, and which, though intersecting the Older Volcanic Series, has 
been injected along the coarse of a fault w'hich dislocates the basal 
tuffs of the Coal Point Series in this locality. This mass thus belongs 
to the same period of intrusion as the others of this section and is, 
moreover, a micrographic quart z-augitc diorite (N.C. 59) closely 
similar to other intrusive rocks of this period. The miei’ographie 
material is in comparatively small amount, whilst the augite is accom- 
l)anied by a very little brownish hornblende. 

In view of the fact that all four of the intrusions just described 
definitely post-date the Lower Beds of the C^oal Point Series, it may 
be affirmed with safety that they were injected in later Miocene 
times, during tlie period of igneous activity which gave rise to semi- 
basic lavas from which the andesitic conglomerates of the (^oal Point 
Series were derived. 

B. Older Volcanic (Whangakea) Series and the 
Pillow-lavas. 

Normal Whanfjakea Lavas. 

One of the ubiquitous characters of the lavas classed here as the 
Older Volcanic Series is their jioverty in phenocrysts. Rarely indeed 
is it possible to detect these latter in hand-specimens. It is unusual 
to find a succession of flows spread over a comparatively wide area 
which show such uniformity in this respect, and this fact suggests 
that the uprise of the magma to the surface from considerable depths 
was a rapid process. 

The lavas of this series have suffered extensive shattering and 
locally have been comminuted by shearing to such an extent that their 
true nature is completely masked, and only made decipherable by the 
discovery of cores of uncrushed igneous rock in the general shale-like 
material. Veinlcts composed mainly of oalcitc, but with subsidiary 
zeolite, occupy the interstices between the fragments resulting from 
this shattering. 

McKay (1894) was excusably misled by their aphyric character, 
into regarding this series of rocks as consisting of greywackes and 
shales. Bell and Clarke (1910), whilst shewing obvious doubt as to 




Fi(.. 1.- View looking west to Cape Reinga, whence according to Maori 
tradition the spirits of the dead depart for the next world. 
Older andesites. Note the characteristic wa\ e-cut platforms 
(tide nearly full). 

Fi(. 2. — Pillow-lavas at south end of Twilight Bay. The flow dips steepb 
to the left. 



Pin 3 — Photomicrograph of foraminiferal marl associated with pillow lavas 
of the Older Volcanic Series at Pandora (Whangakea), Spirits 
Bay; magnification 45 diameters. 
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Fi( 8 — Weliilile (N C 18) from Keii Point intiusiou shewing slightly 
alteied Uiniellai diallage and pai tidily sei pentinized olivine 

1 K 9 -Gncissic norite gabbio (N( 55) trom near North Cdpt, AMth bands 
alternately rich in p>iox(.n< and idagioclase 
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rii 10— Fme-giained phase of norite gabbio (N C 9) from southwest of 
Noith Cape, shewing plagiorlase and granulai pyroxene Nicols 
Cl ossed 

Fn. 11 — Granophync quart/ gabbro (NC 63) from beach boulder on the 
western margin of Ken Point Nests of small laths of plagio- 
clase are enwiapped by large ciystals of the same mineral, the 
whole being enveloped by pyioxene Nicols ci ossed 

Magnification of figuies, 38 diams 




Fio U. Fig 15 

Fi(. 14 —Subophitic andesitic basalt (N.C. 12) from Older Volcanic Series 
in bed of Huka Creek. Laths of plagioclase enwrapped by par- 
tially chloritized augite. Nicols csossed. 

Fig. 15.— Picntic basalt (N.C. 17); pillow-lava from 3 miles east of Hooper 
Point. Phenociysts of plagioclase are enclosed in a (?) hyalo- 
pilitic groundmass of chloritized augite and laths of plagioclase. 


Magniflcation of ftgures, 88 diams. 
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Plate 24. 



Fig. 18 Fig 17 

Fig. 16— Pillow lava (NC 29) from south end of Twilight Bay. A pseudo- 
morph after olivine enclosed in a plexus of laths of plagioclase. 


Pio 17— Quartz dlorlte (NC 23) from east of Waikuku Plat, east coast, 
shewing plagioclase and quartz enwrapped by a micrographic 
intergrowth of these two minerals Nicols crossed 



Fig. 18. 19. 

Pig 18.— Andesite (N.C 26b) from conglomerates of Coal Point Series, west 
side of mouth of Waitangl Stream, Tom Bowling Bay Pheno- 
crysts of plagioclase, llmehite and augite in a groundmass of 
plagioclase enclosing radially grouped needles of hornblende. 

19— Andesite (N.C 43a) from conglomerates of Coal Point Series, west 
of Waltangi Stream, shewing a vesicle filled with concretionary 
opal and zeolite (central part). 

Magnification of figures, 38 diams 
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their true nature, followed McKay’s lead, but brought to light some 
interesting details of intrusives injecting the series, and also noted 
the ‘"orbicular” structure of some of the flows comprising it, which 
arc, in actual fact, perfect examples of pillow-lavas. 

These latter are best seen in two outcrops near Pandora at 
Spirits Bay, but they are also exposed on the shores of a cove three 
miles east of Hooper's Point and doubtless in other places which the 
"writers were unable to visit. At Scott’s Point there is a most exten- 
sive outcrop of highly characteristic pillow-lava, but there are grounds 
l‘or believing that it belongs to a later period of extrusion than other 
flows of this type. 

The exact niicrosco[)i(*. determination of the members of the 
()ld(*r Volcanic Series is difficult on account of chloritization and 
otlnu’ alteration. All semi-basic or basic in character, and range 
from quartz andesit(‘s to fairly basic basalts which are free from 
modal olivine in all but the ])illow-lavas. The rocks generally consist 
mici‘oscoj)ically of a plexus of rather small laths of plagioclase quite 
devoid of fluxional arrangement, along with variable proportions of 
more or less chloritizcd pale-gre(m or pale-brown augite and some 
iron-ore. In a few jnstan(*cs, notably in a mass (N.C. 12) compara- 
tively little affected 1)\ shattering wdiich outcrops in the wide-spread 
^a1h‘y of lluka ("reek, Tom Bonding Bay, ophitic and sub-ophitic 
structure appears. (See Pig. 14). 

The ^ariet.■^ of idagioclase is andesine-labradorite in the more 
acidic, and is as basic as Ab^o An^o iu the more basic members of 
tlu* series, IMk' laths ai*e ver\ often bcuit in res])onsc to severe pres- 
sure which doubtl(‘ss has also caused the shattering already referred 
t(». The proportion of iron-ore varies from about 1 per cent, to about 
7 ])er cent. ; both magnetite and ilmenite are re])resented. 

Quartz-augite andesite was colle*cted from the shore at the west 
mai’gin of the Kerr }^)int ultrabasic and gabbroid mass; it is a much- 
altered t}pe with A cry abundant chlorite, some epidotc and compara- 
tively little identifiable quartz. A quart z-uralite andesite with 
about 10 cent, of quartz Vas sectioned, but unfortunately its 
locality was omitted in the field-labelling. 

A rock kindly forwarded wdth others by Mr. H. MacQuarrie from 
1h(‘ sho]*(‘ a few yards south of the pillow-lava at Pandora, has small 
loises of dark- reddish-brow 11 material in a greenish altered lavji 
whi(*h proved in section (X.r. 80) to be a fine-grained non-porphyritic 
olivine-fj’ee basalt. It is traversed by veinlets of zeolites and by occa- 
sional narrow crush-zones. 

Microscopically examined, the reddish lenses (N.C. 79) are found 
to consist of an indecipherable shale-like material closely traversed by 
veinlets of calcite associated with a zeolite. If the rock were actually 
shale entangled in the associated lava, it expectably should shew some 
sign of mineral reorganisation. It does not do so, however, and it is 
perhaps po.ssible to regard it as comminuted and completely altered 
portions of the associated basalt. There is support for this latter 
suggestion in somewhat similar alteration traceable adjacent to the 
pillow-lavas a few yards away. Sections of these latter have such 
dense oxidation products that the original structure of the rocks is 
considerably obscured. 
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In a small i‘ill ontcrinf^ the sea at the north end of the first sandy 
beach south of Cape Ilein^a, a blackish glass was found which had 
entangled lai’ge blocks of the normal lava, and had so created a flow- 
breceia. Similar material was noted at the base of the Tertiary 
sequence at Huka Creek, Tom Bowling Bay, and amongst specimens 
forwarded by Mr. MacQtiarrie from the shore J mile west of Pandora, 
Spirits Bay. In thin section the glass is a deei)-brown almost opaque 
variety, it encloses scattered, rather small crystals of augite and 
plagioclase. 

Bell and Clarke (1910, j). 622) describe an altered augite ande- 
site from Darky Hill (Tirikawa), west of Spirits Bay; it has moder- 
ately large ifiienocrysts of augite and idagioclase and a groundmass 
which appai'(4itly has been hyalopilitic. A similar rock (N.C. 83) 
was collected 1)y Mr. McQuarrie from the shore i mile west of Pan- 
dora. It has idiomorphic phenocrysts of both plagioclase and augite, 
the former in elongated altered crystals about 0.8 mm. in length and 
the latter a colourless variety quite unaft'eeted by alteration or decom- 
position. The groundmass is in considerable excess of the phenocrysts, 
and its structure greatly obscured by weathering. The augite present 
in this matrix is in minute prisms which are often grouped side by 
side to form fringes to the larger laths of plagioclas(‘. 

The remainder of those of the Older Volcanic rocks which have 
been examined microscopically either fall on the border-line between 
andesites and basalts as defined by Washington,’®^ or arc more d('fi- 
iiitely basalts, for the percentage proportions of motlal femic minerals 
range from about 35 to as imich as 65. Two exam])lcs of more basic 
basalts are yielded by a rock (N.C. 80) out-cropping a few yards 
south of the pillow-lava at Pandora, and by a hyalopilitic type from 
a small cove 3 miles east of Hooper’s Point. This last basalt (N.(\ 
6) contains numerous small phenociwsts of augite along with a few 
of plagioclase, ami, following Washington {loc. cit.), is to be cla.ssed 
as a picrite-basalt. (See Fig. 15). 

An analysis of the rock from Taputfiputa, a little over 2 miles 
east of Cape Rcinga, is app(‘nded in Column 3 of Table 1, wdiilst 
its norm is in the corresponding column of Table 2. 

In section this type is an olivine-free, non-porphyritic ande.sitic 
basalt, consisting essentially of a plexus of unoriented laths of plagio- 
clase (Ab 45 An.,r,) enclosing about 40 per cent, of almost colourless 
augite sub-ophitically related to the plagioclase. (Compare Fig. 14). 
The analysis demonstrates that the rock unquestionably is a basalt, 
though wdth a leaning towards the andesites as defined by Washing- 
ton {loc. cif.). The variety of ]>lagio(dase determined in section is 
more basic than that shewn by the norm, whilst the normative olivine 
in actual fact has separated out as pyroxene. 


•H. S. Washington, Petrology of the Hawaiian Islands; I. Kohala and 
Mauna Kea, Haw^aii. Am. Journ. Sic., vol. 5, 1923, pp. 465-502. 
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Analyses 

OF Igneous 
TABLE 1. 

Axalysks. 

Rocks. 



1. 

2. 

3. 

SiOo 

48.12 

49.82 

49.76 

AL03 

14.07 

17.61 

15.72 

FeO, 

3.85 

0.96 

2.31 

Feb 

5.38 

4.66 

6 52 

MgO 

7.03 

9.78 

7.15 

CaO 

8.62 

14.67 

9.85 

Na.O 

2.68 

1.23 

3.68 

k6 

1.44 

0.10 

0.34 

HO+ 

3.29 

0.56 

2.55 

HO— 

3.51 

0.19 

0.56 

CO. 

None 

0.04 

Trace 

TiO. 

1.92 

0.25 

1.04 

ZrO 

— 

None 

None 

PO, 

0 07 

0.03 

0.10 

S 

0.01 

0.03 

0.12 

CiO, 

None 

0 03 

0 03 

V.o, 

0.04 

— 

— 

NiO 

— 

0.04 

0 03 

MnO 

0.16 

0 15 

0 22 

SiO 

0 04 

None 

Trace 

BaO 

None 

Ti ace 

Ti ace 


100 23 

100 15 

99.98 

Anal>ses by Mr. F. T. 

TABLE 2. 

Nomrs. 

Seelj e 



1. 

o 

3. 

Quartz 

0 60 

— 

— 

Oithoclase 

831 

0.5G 

1.67 

Albite 

23.06 

10.48 

31.44 

Anorthite 

21 96 

42.26 

25 30 

Diopside 

16.55 

24 43 

18.41 

Hypersthene 

13 58 

17.72 

5.02 

Olivine 

— 

1 98 

9.28 

Magnetite 

5 57 

1.39 

3.02 

Ilnienite 

3.65 

0.46 

1 98 

Pyrite 

___ 

— 

0 23 

Apatite 

— 

— 

0.34 


1. Dolerite N.C. 30) from dyke in b<isal Tertiary beds, 11 mile west el 
North Cape. 

2 Noritic gabbro (N.C. 48), southern margin of gabbroid mass, North Cape. 
3. Basalt from Older Volcanic Series (N.(^. 51), Taputaputa, east of Cape 
Reinga. 

Th( Pillow-Lavas, 

As has boon noted elsewhere in this paper, it is believed that not 
all of the pillow-lavas of the Cape Maria van Diemen-North Cape 
area belong to the (Jlder Volcanic Series, but they are so closely allied 
petrographieally that it is convenient to describe all together. They 
resemble the rocks of this last-mentioned series in being severely shat- 
tered and altered. The individual pillows vary in diameter from 1 ft. 
to 3 ft., and, in their best development, shew a more or less distinct 
radiate, finely prismatic structure and a chilled crust which is clearly 
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illiist)*ated in Fig. 5. Some are decidedly overturned and elongated 
in tile direction of flow. (See Fig. 2). 

The rock of the pillow-lava at the northern margin of Scott's 
Point is finely vcvsicular, and exhibits in hand-specimen a moderate 
number of red j^scudomorphs of carbonate and haematite after oli- 
vine. A littk* lielow what appears to be the uppermost flow of the 
series exposed at the south end of Twilight (Rahia) Bay, and imme- 
diately woHt of a dyke of green doleritc, there is a massive aphyrir* 
amydaloi^al rock of similar nature to the pillow-lava, but devoid oL* 
olivine, which is soon followed westwards by further pillow-lavas 
which form the sea-cliffs for about two miles at Scott Point, but 
which were not (examined mieroscopicall 3 ^ The pillow-lava at the 
south-end ol* Twiliglit Bay and the associated amygdaloid are pro- 
bably best classed as basic andesites and andesitic basalts, for the^ 
are internu'diate between andesites and basalts. In the present 
writers* sections ol* the pillow-lava (N.C. 29), pseudomorphs after 
olivine arc the only phenocrysts, though Bell and Clarke (3910, p. 
622) have noted occasional labradorite in addition to the olivine in 
their slides. About 70 per cent, of the rock consists of laths of 
weathered idagioclaso, which form an unoriented open-textured 
matrix (see Fig. 16) in which are a little very pale green augite and 
about 5 i)er cent, of rod-like ilmenite. The amygdaloidal olivine-free 
ai)hyric basalt has a less [)roi)oi*tion (about 60 per cent.) of plagio- 
clase. Tliere is a large quantity of pink augite with densely crowded 
ilmenite and magnetite. The augite is generally in curious cIosoIa 
appi’(*ssed mimit(' sub-parallel primus, though sometimes in divergent 
or I’adial groups. No exact determination of th(' vari<'ty of plagio- 
clas(‘ lU’ovcd possible. In most instancies the extinction angles obtained 
with all)it(‘ twin-lamellae were small. Albite was suspected, but, so 
far as the weathered eonditioii of the mineral allowed determination, 
refractive index tests negatived any possibility of the occurrence of 
this mineral. 

hell and Clarke (1910, p. 622) compare the pillow-lavas at 
l^andora with those at Scott Point, but state that the crystals of 
oliAine are free I'roiu alteration, more frequent, smaller and corroded, 
whilst there arc no phenocrysts of plagioelase. The present writers^ 
sections arc so obscured by hematitie and other oxidation products 
as to i*ender determination of olivine impracticable. A small mass 
of lavas having imperfect pillow' form, which outcrop at a small cove 
8 miles east of Hooper Point, consist of an olivine-free ehloritized 
basalt possessing numerous phenocrysts of almost colourless augite 
accompanied by a few groui>'i of small crystals of plagioelase. There 
is abundant pyroxene in the groundmass, with about 25 per cent, 
of idagioclasc in diversely arranged relatively long laths, and a mod- 
erate amount of iron-ore which is mainly ilmenite. 

Summing up the facts, it is evident that there is no petrographic 
reason for separating the pillow-lavas from other members of the 
Older Volcanic (Whangakea) Series. The Twilight Bay-Scott Point 
pillow-lavas have been grouped with the Cretaceous Rahia Series, and 
thus separated from other similar flows, only because of their associa- 
tion with sediments which are quite dissimilar from any of Trias-Jura 
age yet known from New Zealand, but closely resemble Cretaceous 
beds at Parenga. 
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C. The Petrography of the Mid-Tertiary (Coal Point Series) 

Conglomerates. 

The conglomerates of the mid-Tertiary C'oal Point Series pre- 
serve a dominantly igneous character throughout their wide extent 
of outcrop, and somewhat rarely contain any noteworthy proportion 
of pebbles of sedimentary rocks. Bell and Clarke (1910, p. 619) 
record sedimentary material in the conglomerate outcropping on the 
trail between Parenga and Te Paki, whilst the present writers found 
it in moderate abundance at Maukin s Nook on the east coast. 

A very large number of microscope sections were cut from (*ousti- 
tuent fragments of the oonglomerate west of Waitangi Stream and at 
the east end of Spirits Bay, but little impoidant variation was discov- 
ered. Bell and Clarke describe the prevailing type as a hyalopilitic 
augite andesite with a large amount of glass, and remark on the lack 
of importance of hypersthene which is so ubiquitous in the pyroxene 
andesites of the similar conglomerates and breccias of the Waitakerei 
Ranges near Auckland. The present study shews, however, tliat 
Iiypcrsthene is no whit less abundant than in the southern roc'ks; 
there is, however, greater lithologic variety in the northern than 
ill the Waitakerei conglomerates. 

Boulders of dioritie, and more raiTly, of gabbroid rocks, vhich 
have been derived from intrusions such as those described in an 
earli(‘r section, though never very plentiful, can nearly always be 
found after brief S(‘arcli, whilst, as is to be expected, reprcscntati\es 
of the earlier (? Trias-Jura) volcanics are also diseovei’able. 

Jlyaloinlitic pyroxene andesites wdth both augite and hyjicrs- 
Ihene, usually with plagioclase as the most abundant phonocryst as 
well as the most imiiortant constituent of crystalline portions of the 
groundinass, are apparently the prevailing types. Phenocrysts and 
mati’ix arc sub-equal in amount. The matrix shews all gradations 
from a variety with comparatively little glass (e.g. N.C. 34, o) to 
<listiiictly vitrophyric t^ix^s in wJiich the minerals of the second 
generation an* rejiresented only by tiny microlites. The rocks are 
1 ‘emarkably free from signs of alteration, though rare chloritic pseu- 
domorphs after jiossible olivine were noted in one or two of them. 
The ])henoerysts are idiomorphic and seldom cx(*eed 1 mm. in length. 
Thost‘ of plagioclase very often contain numerous minute glass or 
ininei'al inclusions, and generally vary in variety from andesine- 
labradorite to acid labradorite, though, in one more basic rock (N.C. 
34, e), the feldspar is labradorite-bytownite. This particular i-ock is 
one of the few with pseudomorphs of chlorite after olivine, and 
further exhibits abnormal basicity in possessing proportionally more 
pyroxene as compared with feldspar than the andesites associated 
with it, W the two minerals arc sub-equal in amount. 

Other types of andesite identified include the following: — vitro- 
])hyric augite-homblendc andesite with quite a number of small 
phenocrysts of brown hornblende in addition to those of plagioclase 
and augite; fine-grained varieties with imperfectly crystallized matrix 
and few phenocrysts ; hyalopilitic augite andesite with curious sheaf- 
like grouping of the plagioclase in the groundmass (N.C. 70, a) ; a 
special type of andesite (N.C. 26, b) with augite and some green 
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liornbleudc. About 73 per cent, of this last roek consists of larjje 
idiomorpliic crystals of plagioclasc (Ab 4 o as much as 1.5 mm. 

in length and numerous smaller ones (about 0.2 mm. in length) of 
tlie same mineral, with a greatly subordinate quantity ofc* very pal“ 
greyish augite and a little ilmenite. The balance of the rock is a 
''matrix'’ consi.sting partly of clear colourless glass and partly of 
feldspar in large irr(‘gular crystals which enclose numerous minute 
needles of gi‘eeu hornblende, those latter very often ])eing groui)ed 
in stellar tasliioji. (See Fig. 18). 

The same envcl()])ment of earlier prismatic hornblende by later 
plagioclasc is exhibited by two other rocks sectioned, both of them 
highly feldspathic, though with a little augite. One is almost iden* 
tical with th(‘ i*ock just described, but for the fact that the texture 
is (‘veii-grained. Large stumpj^ laths of labradorite ai*e moi'c^ or less 
ophitically enwrapped ])y a minor j)roportion of augite, wdiilst the 
last-crystallized feldspar, as before, is crowded with minute prisms 
of deep-gi‘e(‘n horn])lende. 

Ill addition to the hyalopilitic andesites described, there are closely 
allied perlitie vitrophyric rocks (N.C. 34, k, m.n,])) which beaj* very 
close similarity in S(‘ction to certain rocks trom the Whangarei-Bay 
of Islands ar(*a deserilied by one of the j)r(‘'>(Mit wu•it^‘rs in a chapter 
of a recent Geological Survey bulletin (Ferrar, 1923). These ])roved 
on analysis to be andesitic dacit(‘s. About (»0 per cent, of the bulk 
of these perlitie rocks is a glass colourless in si^ction and containing 
niim(‘rous lath-shaped crystals (about 0.2 mm. in length) of plagio- 
clase, and prisms of hypersthene and augite. the foi'incr in greater 
in-ofusion than the augit(', wliilst tliei-e is also a varialilc though 
iuijmrtant quantity of decp-bi'owm hornblende. TIk^ glass itself is 
crowded with trichitie mierolites; in some slides these* liave so in- 
creased in size as to be mineralogically determinable, though in such 
cas(‘s tlic glass has lost its edarit,^' and ))ecomc more opaque. 

The older andesitic rocks sectioned (N.C. 34, h; 43, a) resemble 
the roc'ks tyincal of the series (AVhangakea Series) to which they 
belong, and arc largely composed of laths of basic labradorite wliich 
make an o])en-textured unoriented mesh. There is about 4 per cent, 
or 5 p(*r cent, of ilmenite in I'elatively large crystals whilst about 10 
per cent, of i)ale-gi*eyish-gi'een partially ehloritized fiugile is entangled 
in the mesh of i)lagioclase and, at times, ophitically enwTa])S tliis last 
miiiei’al. In one of the two slides (N.C. 43, a) large ludsms of secon- 
dary ((uartz have crystallized in drusy s])aces in com])an> with opal, 
a railially fihi’ons zeolite, chlorite and a little pyrite. Chlorite has 
HiumI the caviti(*s and lias tlien been followed by the opal which has 
crystallized as tiny radially built concretions. (See Fig. 19). 

The ga1)broid and dioritie rocks sectioned have their jmototypes 
in tlio similar ])re-Tertiai*y intrusive rocks which already have jjoen 
described. The gabbros (N.C. 34, d; 34, e) are a uralite-augite 
variety and another containing uralitc with both hypcrsthoiu' and 
augite. 

The diorites have plagioclasc (labradorite) dominant over ferro- 
magnesian mhim'als; they include an augite diorite with a little 
browiiish-grcen hornblende and some micropegmatitc (N.C. 72), and 
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quartz dioritcs coutaiiiiiig uralite associated with plentiiul cores of 
aiigitc (N.C. 15, b), or else augilc witli a little greenish-brown horn- 
blende (N.C. 15, cj. 

West of the mouth of Waitaiigi Stream, Tom Bowling s Bay, the 
Tertiary conglomerate'; (‘ontain numerous small fi’agments of black 
chilled igneous rock which in section prove to consist of a brown glass 
with a few small pheiiocrysts of augite and plagioclas(‘. These repre- 
sent the chilled crust of andesitic bombs. 

I). Igneous IIocks of Lxcektaix IIokizox. 

An andesitic i*ock (N.C. 25) which outcrops on the shore- plat form 
about hair a mile east of Pandora, Spirits Bay, proved on sectioning 
to be an iinaltcj’ed h;^al()pilitic hypersthenc-augite andesite identi(‘al 
with the similar rocks of the conglomerates of the Coal Point Sei’ies. 
Jt is adjoiJied by typical members of tlu‘ Older Volcanic S(‘ries, but 
uni'ortunately its peti*ogra])hic separation fa*om these lattei* was only 
determined wdieii microscopic slides had been i)re])ared, so that its 
held relations w'(*re Jiot carefully observ(*d. Jt was believed to be a 
small intrusion, but th(‘ distinct parallelism oT its numerous lath- 
shaped idienocrysts of plagiolcase and <*(Utain other characters sug- 
gest rather that it is an extrusion. If this rock actually represents 
a lava, tlu‘ explanation of its occurrence^ i)r(‘s(*nts many difficulties 
wdii(*h are otherwise* neni-existent, so that, in the absene*e‘ of more pre- 
ease knowledge, it has iirovisionally be‘e*n classe‘el as a dyke rex'k in 
the se‘ction on stratigraphy. 

A numlier of boulelers e)f a wdiite vedcanic i*ock were* disco vere‘d 
at the mouth e)!* J'andora Ci'oek, Spirits Bay. It (*onsists of an irre- 
sohable light-gre\\ “earthy” matrix wdiich emcloses nume‘re)us small 
idiomorphie* phenoeTysts of plagioclase, and great numbei’s e)f muedi 
smaller iath-slia[)ed eiwstals of the* same* mineral, along with scat- 
te-red small euhe*dral crystals of deep-brown hornblende and a little 
magiu'tite. The plagioclase* is very tiue*ly zemed and is relatively free 
iroiii lamellar twinning. The ro<*k is microsco])ically indistinguish- 
able from many e)!* the trachytic dacites which ha\e been de\scribed 
b.v erne* of the writers (P>artrum, 1925) from the Whangarei Ileaels 
district. Its e*liemical nature could only be determined by analysis, 
but it was <*onsidei*eel that the labour of analysis w^as scarcely justified 
wdiilst nothing was kimwn of its field relationships. 

Aeidie* dyke* rocks WTre also located b.v the writei's at ]\lt, Vamel 
iji the Ilohoura district, 29 miles south-south-east from North Cape*; 
seve‘ral of them exhibit phenomena indicative of se^ere strain, so 
that their inje*ction probably oe^curred before the commencement of 
the* Early (brtace'ous eleformation wdiiedi terminated Ifokonui sedi- 
mentation. The? Pandora re)ek, on the contrary, lacks any evidence 
of strain and is therefore probably an early Tertiary effusive approxi- 
mately’ contemporaneous wdth similar acidic rocks in the Wliangarei- 
Bay of Islands Subdivision (Ferrar, 1925). 

The Structure of North Auckland Peninsula. 

In discussion of the structure of the Whangarci-Bay of Islands 
Subdivision, Ferrar (1925, p. 18) has recently summarized many of 
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the various opinions with rej^ard to the structure o£ North Auckland 
Peninsula, but has found the distortion of the basement llokoiiui 
(Waipapa Series) rocks of his area too great to permit of any safe 
generalization of fold-directions therein, lie suggests, however, on 
the basis of the trend of certain greywacke ranges, that . the 
Mesozoic earth movements were in the nature of folds along north-* 
west to south-east axes, the folds bending over eastward toward a 
submerged area.’’ However correct this conclusion may prove, it 
must be observed, nevertheless, that the trend of these ranges is 
probably largely governed b}’^ the N.AV.-§.E. fracture-system accom- 
panying later Tciliary emergence of the New Zealand area, and 
believed by Park (1921) to determine the framework of the penin- 
sula. 

^Vs already remarked, these fractures can be clearly folloAved 
from an originating source in the Taupo region, where they meet 
the immense fractures of a N.E.-S.W. system (Henderson, 1924), 
through Auckland to Whaiigarei and the Ray of Islands (Ferrar, 
1925, pp. 18-21), until they finally reach North Cape. 

Benson (1924, p. 132) remarks how, in the New Zealand region, 
these fracture-systems generally cross the trend-lines obliquely, as 
had been noted earlier by Cotton (1916) for the southern part of 
North Island, and states the possibility of regarding the New Zealand- 
Kerniadec ridge . more as a complex fault -horst than as a fold- 
anticline,^^ though Brouwer, he states, believes that a geanticline 
growing at depth is represented by a fractured ridge. ’ ’ 

Bell and Clarke (1909, pp. 42-43) find the general trend of a 
major anticlinorium in the inland portion of the Wbangaroa area 
to be E.N.E.-W.S.W., though nearer the coast the folds apj)roximate 
a W.N.W.-E.S.E. direction. They are in agreement with Marshall 
(1908; 1911, p. 5), who found a dominant north or north-(‘ast tiM'iid 
in the Bay of Islands and in localities further north, that the* arrange- 
ment of the basement rocks of Whangaroa Subdivision shews no reda- 
tion to the alignment of North Auckland Peninsula. In the north 
of Great Barrier Island, however, the vStrike of rocks of the same 
system is approximately N.W-S.E. (Bartrum, 1921), though near 
Coromandel it is approximately meridional (Fraser xVdams, 1907, 

p. 26.). 

In view of the frequent disparity of direction between the axis 
of the peninsula and the fold-axes shewn by these observations, it 
is surprising to find that the foliation of the gneissic gabbro at Noidh 
(^ape, in common with the folding of the sediments at Great Barrier, 
accords in direction with the ])ackbone of North Auckland. It is well 
known by those familiar with the Hokonui rocks, as developed in 
North Auckland, that stratification is seldom distinct, except in areas 
characterised by complex minor folding such as would tend to obscure 
the general trend of the strata. It is therefore prol)ablc that an 
erroneous conception of the direction of the major folds has been 
gained, as appears to be the opinon of Morgan (1922), and that, in 
the present state of our knowledge, it is unwise to accept Benson’s 
(Loc, cit,) generalization concerning the obliquity of intersection of 
fracture-lines with trend-lines in the New Zealand area, as applying 
unreservedly to North Auckland. 
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The evidence at Great Barrier Island and North Cape undoubt- 
<^dly supports Suess's (1913) view that fold-axes open out to the 
north and north-west from the main structural axis of New Zealand, 
and pass through North Auckland as an integral part of his Third 
Australian Ai^c.’’ Following Brouwer ^s suggestion {fide Benson, loc, 
cit,) the N.W.-S.E. fractur(*s of the late Tertiary orogeny (Kaikoura 
orogeny of Cotton) are pcrliaps the result of gcanticliuai folding fol- 
lowing the early Cretaceous axis along which the Hokonui rocks were 
up-arched. This is the “closing Tertiary” Australasian crustal 
undulation of Andrews (1923, p. 2) progressing from the conti- 
nental nucleus to the Central Pacific, the prominence of the forms 
and the relative youth oL‘ the activities being accentuated with pro- 
gressive approach to the main oman itselt*.” 
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Mollusca from Kaawa Creek Beds, West Coast, 
South of Waikato River. 
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Platis 25-31. 


In 1910 one ol* Ihe present authors described a new’ i’ossilii'erous 
Tertiary horizon at Kaawa Creek (Barirum, 1919, a),* publishing 
a list of inolliisca leased on determinations by the late Mr. A. Suter. 
At tlie same timt^ lie published d(‘seriptions of several new’ spe(‘ies 
d(‘ter'miued as such for him by JVlr. Sutei' (Bartrum, 1919, 1)). Tlie 
oriuinal material was limited to that obtainable from tw’o or tlij'oe 
small blocks rallen tToin an inaccessible spot in the s('a-cliffs about 
30it. abt)\(' ])eaeh lev(*l. Durinji: recent j’cars. however, a lar^e slip 
lias afforded ii s])lendid oi)t>ortunity for collecting, and Bartrum has 
been al)le to make further collections during short jieriods available 
VNlieji on held excursions wdth students. IJc^ is j^reatly indebted to 
s(‘veral of tluvse students for their assistance, especiall.v as a new 
species descj*il)ed in this paper was collected l)y one of them — Mr. F. 
fl. Turner — in 1924. He further wishes to thank Mr. Powell t'or 
kindl\ collal)oratin<' in this pajiei’ and brin"in»‘ to its i)roparation his 
surpi'isinj.* knowde(lf»‘e of modern molluscs and the resoui’ces of liis 
ext ensh e colh'ctions. 

Both autluu’s ow'c much to Dr. J. Marwdck, who has kindly lent 
tvj)es for comi)arison and has examined one or two jkwv species oj 
(IouIjUuI j»eneric position, as well as furnishing ci-itical noK*s upon 
the oriirinal collection. 

]B:vision or List of Kwvva JMollusov. 

The original list of mollusca from Kaawa Creek (Jhirtrum, 1919, 
a) has be(‘u a’cvdsed by Dr. Marwick after examination of collections 
made by the New’ Zealand Geological Survey as well as of tlmt of 
Bartrum, and the revised list was published by Henderson and 
Grange* (192()). Recent collecting, how’ever, has added new iTcoi’ds, 
whilst many nonienclatural changes have been introduced durinj» 
re(*ent revision of v’arious genera, so that a fresh list of the molluscTi 
so far found in the Kaaw^a beds is appended. This (*ould lx* gix'atly 
(*xt(‘nded by systematic collecting, which has not yet been attemi)te(l 

Description of New Species and Geni:ral llr.vrvuKs. 

ITiless stated to the contrary, the shells described or discuss(‘d 
have been collected by J. A. Bartrum and are in the Auckland 
University College (Collection. 

’•‘See list of literature for reference in this and similar cases. 
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Emarginula striatula Q. and O. 

The Kaawa shells are slightly narrower than the Recent species, 
which they othei’wise resemble closely. 

Montfortula karawaensis (Bartrum). 

Finlay {Trans. N.Z. Inst., vol. 57, 1926, p. 344) refers Tugali 
kaawaensis Bartrum to the genus Monffortnla. 

Tugali opuraensis n. sp. (Fig. 20). 

The shells listed as Tugali bascanda lledley and T. intermedia 
(Reeve) by Bartrum (1919, a) prove to belong to the same species, 
which is described, on the basis ot fresh material, as a new species 
allied to the Recent T. degans Gray (== T, intermedia) — (sec Finlay, 
loc. cit. pp. 344-5). 

The sculpture is the same as tliat of the Recent species, the 
trifurcation of the central rib fronn the nucleus being especially well 
shewn in a small paratype (6.4 mm. x 3.9 mm. x 1.9 nun.). T]ie*apex 
is, however, nearer the anterior end, its distance from this latter being 
one-eleventh of the length of the shell in the holotype and one-sixth 
in the paratype, whilst in T. degans Gray this ratio varies in different 
specimens examined from one-fourth to one-fifth approximately. 

Dimensions of holotype: 11 mm. x 6 mm. x 2.4 mm. 

Trochus bibaphus n. sp. (Figs. 21 and 22). 

This species is represented by a solitary sladl which was collected 
by Mr. F. J. Turner in 1924. 

Its tall conical shape appears to indicate that it is the dii’ect 
ancestor of T. huttom (Cossmann) (see. Finlay, loc. cit., p. 349) 
Though its spire angle is close to that of this latter shell, its suture 
is abutting and the peripheral margin of its base sharper. 

General sculpture consists of low, fiat, smooth cinguli alternating 
with fine threads on spire-whorls. Oblique growth-lines fairly promi- 
nent, On the base 13 cinguli without intervening threads. On the 
antepenultimate whorl 9 primary cinguli, whilst both T. tiaratus Q. 
and G. and T. hutioni (Cossman) have 5. Protoconch slightly w orn. 
Colour (still preserved) pink, faintly checked by small elongated 
rectangular splashes of white carried at regular intervals on the 
cinguli. 

Dimensions of holotype: Height, 9.2 mm,; width, 10.7 mm. 
Spectamen cf. egena (Gould). 

Finlay {loc. cit., pp. 358-360) has discussed the genus Monilea 
Swainson, 1840, and, anticipating distinctive radular characters, has 
introduced a new generic name Antisolarium for the species M. egena 
(Gould), which Powell {Rec. Cant. Mus., vol. 3, pt. 1, 1926, p. 45) 
has included in the genus Spectamen. This forecast of radular differ- 
ences, however correct it may ultimately prove, scarcely justifies the 
rejection of Spectamen. If carried to a logical conclusion, such pro- 
cedure would prohibit all provisional generic allocations based only 
on shell characters and would thus undesirably and unnecessarily 
multiply generic names. 

The Kaawa shell represents a new species ancestral to S. egena 
(Gould), but is too poorly preserved to be worth specific description. 
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Elachorbis cingulatus (Bartrum). 

This name replaces Circulus cingulatus (Bartrum) oi‘ the early 
list of Bartrum (1919, a). See Iredalc, 1915, p. 444. 

“ Turbo*' postulatus Bartrum (Figs. 6 and 7). 

Bartrum (19l9, b, p. 100) described under the above name a 
shell, identified by the late Mr. A. Suter as a Turbo, which was 
represented only by a basal fragment. Recent collecting has added 
over twenty specimens in varied states of preservation. The shell 
material is very thin and fragile, so that it proved impossible to 
collect any specimen with the apex at all well preserved. 

As better material is now available, a neotype has been sedected 
for description. The species does not ai)pear to l)e strictly a Turbo ^ 
for it differs from most shells placed in that genus in the extreme 
thinness of the shell-material, in the imperfect glaze on the ])arietal 
^valh generally allowing continuation of the sculpture the inn(‘r 
li]), and in the discontinuous peristome. The columella is veiy* 
strongly dc\ eloped. 

The shell shews affinities with Tonna, but discordant features are 
the rather straight columella and the apparent absence of the basal 
siphonal notch, which may, however, be represented by slight 
sinuosity near the base. It is, further, much smaller than knowm New- 
Zealand species of Tonna. 

For these* reasons it has been considered i)referable to leave 
this s])ecies provisionally in the genus Turbo, in the absence of any 
more suitable generic ])osition. 

The neotype selected is 31.5 mm. high and 31.8 mm. broad. It 
possesses 4 rounded spiral ribs on the penultimate and 11 similar 
ones on th(* ))ody- whorl. 

Kaawatina gen. nov. 

Tifin : Kaaxvatina iurneri n. sp. (Figs. 65 and 66). 

This new" genus is based on two tiny shells shewing superficial 
resemblance to Brookula and Riasoa, Its relationships i)ossibly are 
with the latter genus. Both specimens belong to the same species, 
and the heavy nature of their shells ^ggests that they are adults. 

The tyi)e is the smaller of the two (1.6 lam. X 1-2 mm.) and 
shews a remnant of the nucleus, whilst the paratype (width 1.5 mm.), 
which has a broken spire, shews spiral ornamentation not visible 
in the holotype. 

Shell pyriform, solid, with 3 very rapidly increasing whorls. 
Spire conical, a little shoiter than aperture ; outline of whorls fairly 
sharply convex. Aperture broadly ovate-pyriform; i)cristome entire 
and continuous, separated from parietal wall by a shallow- crescentic 
groove. Outer lip rounded, heavy. Inner lip oblique, slightly 
arcuate. Elongated umbilical chink, 

Uppermost whorl worn and broken, but apparently smooth ; its 
shape suggests that it probably was not part of protoconch. Two 
lower whorls are crossed by axial costae (10 on body whorl) oblique 
to the right at an angle of about 45° and very heavy and blunt, 
giving shell a corrugated effect. Interspaces of costae on paratype 
shew strong regularly-spaced spiral ribs, 10 in number at the outer 
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lip, which pass Iroiii axial to axial, though without surinountiiig 
them, and also produce a corrugated eifect. 

The genotype is named after Mr. F. J. Turner, of Otago 
University. 

Melanopsis trifasciata Gray. 

Finlay {loc. vii., p. 380) has noted that Neozelauic shells of 
this genus differ from the European form on which the genus 
Melanopsis was founded, and has proposed Zemelanopsis n, gen. to 
replace this latter for New Zealand shells. It is regrettable that no 
criteria are set forth whereby this proposed genus can be separated 
from European forins, especially in view of the occurrence of related 
species in the inid-Pacitic (New Caledonia) at the present time. 

It is considered preferable to retain the earlier generic name 
until this omission is rectified. 

Turritella cf. Huttoni Cossman. 

Marwick (MS.) notes the divergence of the Turritella previously 
listed as 1\ huttoni Cossm. (Bartrum, 1919, a) from that species, and 
remarks that it is undesirable to institute new species until a revision 
of the group has been effected. The Kaawa specimen, in any case, 
is too imperfect to serve as the sound basis of a new species. 

Struthiolaria arthritica ii. sp. (Figs. 55 and 56). 

This species is related to S. callosa Marwick {Trans. N.Z. In.sL, 
vol. 55, 1924, pp. 182-3), and is represented by fairly numerous 
specimens in various stages of growth at Kaawa Creek. It differs 
from callom in the feeble development of lower row" of nodules on 
body-whorl, and in its broader, less definite spread of callus on 
parietal wall and inner lip, without the defined margin or abrupt 
edge shewm by callosa. 

Shell fairly large, oval, with spire about height of aperture. 
Spire-whorls broadly angular, with a keel a1 middle. Body-whorl 
bi-angulate, with lower angle rather poorly do\ eloped and carrying 
occasional swellings which indicate obsolete earlier tubercles. About 
8 or 9 strong tubercles on keel of body and antepenultimate wdiorls. 

Spiral sculpture of fine regularly-spaced threads which are a 
little fainter on body-wdiorl than on spire. Aperture as in S. callosa, 
but callus is less thickly spread on inner lip, though it there forms 
a thick 3‘ound j)ad about the middle and also a rounded knob reaching 
from posterior siphonal notch to a little above the angle, with a 
slight channel against the somewhat flat shoulder. Protoconch 
incomplete. Dimensions of holotype (apex missing) : Height, 56.5 
mm. ; breadth, 44 mm. 

Struthiolaria pseudovermis n. sp. (Figs. 63 and 64). 

Represented by a single fairly small specimen. Solid ovate shell 
of the vennis group, closely resembling S. vermis itself and S. nana 
Marwick (Trans. N.Z. Inst, vol. 56, 1926, p. 318) in form, but differ- 
ing in detail of oniamentation. 

Spire-whorls obtusely angled, becoming more convex towards 
apex; a keel on the angle, bearing traces of faintly-developed close- 
spaced sfimall nodules, which grow progi*essively stronger until they 
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arc quite prominent on body-wliorl as outer lip is api)roaclicd, though 
absent on lower rounded keel of this latter whorl. 

Suture abutting; not broadly and deeply excavated as in vermis. 
Shoulder of whorls very slightly convex to flat on upper whorls, but 
becoming slightly concave on lower whorls owing to development of 
the tubercles at the angle. 

Peripheral area of body-whorl slightly concave owing to absence 
of middle spiral carina characteristic of vermis. 

Spiral sculpture: lirac rather faint on whorls, but stronger on 
base, which has about 6 irregularly-spaced threads. Aperture, 
eolumella and outer lip as in 8. nana, though the callus of inner lip, 
whilst thin on parietal wall, thickens near posterior siplional notch 
and spreads to lialf-wa.y ])etween keels of l)ody-whoi*l. Protoconch 
absent. 

Dimensions of liolotype: Height, 40 min.; breadth, 25.3 mni. 

Struthiolaria illepida n. sp. (Fig. 62). 

A large rather tliin shell, elongate-oval in form, resembling 
N. papulosa (iMartyii) but imoportionately taller, whilst its tubercles 
are more distant, there being 11 per whorl in the new species 
comiiarcd with 13 to 18 in papulosa. Spire turretted, tall, nearly IJ 
limes the length oT the aperture; spire-whorls strongly angled about 
the middle with proiunumt nodular keel and slightly concave 
shoulder. 

Body-whorl has also lower rouiuhnl keel ])roceeding from just 
above suture*, but without tubercles. Pei*ipheral space between keels 
f-oncave; this space is nearly flat in papulosa, for lower keel is poorly 
developed. Spiral scmlpture of regular lirae, fairly strong on spire- 
vhorls, but fainter on body-^vhorl. except on base. 

Aperture incodnplete ; outer lip broken away. Columella concave, 
the b(‘ak bent to the right and slightly advanced, (^allus of inner 
lip very thinly tliough broadly spread; extends as a thin smear to 
uppei’ nodular keel. Pi’otoconch absmit. Holotype (the only 
specimen) ijicomplete ; 61.5 mm. high. 

Neojanacus kaawaensis n. sp. (hhgs. 16, 17, 18, 19). 

Though the shells included here shew certain important variation 
from the genotyi)e of Neojanacus, they are provisionally included in 
that genus for want of a better allocation. The chief points of 
divergence are the slight displacement of the apex from its terminal 
])Osition in the liecent species, and the development, on the j)osterior 
lower surface, of a ridge which simulates the early stage of develop- 
ment of the basal ])late of Crypta (=» Crcpidula)* This is especially 
the case in juvenile, but less so in more matiuv forms. 

In the new species the holotype which is judged to be a relatively 
mature shell, is a flattened very slightly elevated shell quadrate in 
outline, though the juvenile j)aratype is rounder and more (*onvex, 
Tlie apex is near, but not at, the posterior margin and consists of 
about spirally-coiled smooth whorls. 

Shell smooth, with faint concentric lamellar imbrication towards 
margins. Muscle-scars indistinct, but apparently horse-shoe shaped, 
open towards the front. 

♦This appears also In juvenile shells of the Recent species of Neojanacus. 



144 


Transactions. 


Dimensions of liolotype (Figs. 16 and 17): Length, 6 mm.; 
breadth, 6.7 mm.; diameter of paralype, 3.2 mm. 

Hipponyx sp. (Fig. 33). 

Powell {N.Z. Journ. Sc. and Tech., vol. 6, 1924, p. 284) shews 
that the shell recorded by Bartrmii (1919, a) is not antiquatus, but 
a separate species. 

Until better material than the present solitary specimen is avail- 
able, however, it is undesirable to describe the shell as a new species. 

Zegalerus crater Finlay. 

The species recorded by Bartrum (1919, a) as Calypiraca 
maculata (Q. and G.) proves to be identical with that described by 
Hutton as Trochita alia. Finlay {Trans. N.Z. Inst., vol. 57, 1926, 
pp. 391-2) discusses New' Zealand calyptr^eids, referring several 
types to the genus Sigapatella. Others, how^cver, with wdiich 
Trochita alia is provisionally included, arc referred by Finlay to 
a new genus Zegalerus. Radular charactei’s (presumably determined 
by Finlay) separate this genus from Sigapatella and ally it to Oaleriis 
Huiii])hrey (« Calypfraca Lamarck, 1799), from which, however, 
it is distinguished by conchological differences, which are not, how- 
ever, specified by Finlay. 

The specific name alia proves to be ])reoccupied, so that the shell 
Trochita alta Hutton now' becojiies Zegalenis craier Finlay {loc. cit., 
p. 392). 


Genus Crvpta. 

Finlay {Trans N.Z. Inst., vol. 57, 1926, p. 393) shew's that the 
genus name Crypia has priority over Crepidula, and, apparently on 
the basis of anticipated differences in the radulae of New^ Zealand 
shells fi*om those oL’ crei)idulids of other areas, creates at new genus 
Maoricrypfa. 

The new name may well wait substantiation by further w'ork and 
in the meantime the generic name Crypta be used. 

Cr 3 rpta tumialis n. sp. (Figs. 23 and 24). 

The crepidulids from the Kaawa beds recorded previously by 
Marwick {N.Z. Geol. Surv. Bull. No. 28, 1926, p. 57) as Crepidula 
wilckensi Finlay (replacing C. inciirva Zittel) and by Bartrum (1919, 
a) as C. monoxyla (Less.) and C. gr eg aria Sow: prove to belong to 
the one species which is now determined as new. 

This new species approaches Crypta wilckensi (Finlay) very 
closely but differs in having a smoother surface, and in tlie beak. 
This latter is narrower, less inflated, less strongly incurved mid less 
distant from the shell margin than in wilckensi, whilst it is oblique 
towards the anterior margin. This is noticeable even on specimens 
w'hich have been on a flat surface, and very distinct on those from* 
such locations as the columella of a large gasteropod. Septum some- 
what concave, its free margin entire, straight near middle and curv- 
ing at sides. 

Dimensions of holotype: Length, 31.5 mm.; breadth, 19.25 mm.; 
thickness, 11.6 mm. Paratype: 31.5 mm x 12.0 mm. x 11.6 mm. 
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Orypta opuraenais n. «p. (Fig. 25). 

This species is a narrowly arched oval-elongate crepidulid closely 
approaching C. densistriata (Suter) but coarser in ribbing. Beak 
slightly incurved ; strongly twisted anteriorly. Septum nearly flat, 
its free margin apparently entire and only slightly curved. 
Sculpture of radial ribs, causing undulation of concentric growth- 
lines, 17 on posterior half ; on anterior half a wide dorsal space with 
ribs only indistinctly shewn, then 5 strong ribs on ventral portion 
of anterior slope near the beak. Protoconch smooth, strongly 
incurved. Dimensions (approximate) : Length, 26 mm. ; width, 15 
mm. ; thickness, 9 mm. Holotype imperfect. 

This is the shell recorded by Bartrum (1919, a) as Crepidula 
striata (Hutt.). 


Family NATICIDAE. 

Finlay {I'rans, N,Z. Inst,, vol. 57, 1926, p. 394) has shewn that 
the generic name Cochlis must replace Natica for New Zealand shells, 
whilst Marwick {Trans, N,Z, Inst,, vol. 55, 1924, pp. 545-579), in a 
revision of the Naticidae of New Zealand, has followed Hedley {Rec, 
Austr, Mus,, vol. 14, No. 3, 1924, p. 154) in replacing the generic 
name PoUnices by Uber, 

The Kaawa Naticidae include : — 

VocTfilis notocenica (Finlay), (see Finlay, Trans, N, Z. Inst,, vol. 57, 
1926, p. 394) which in part replaces Bartrum ^s (1919, a) record of 
Natica zclandica Q. and G. This species has previously been recorded 
only from the Oamaruian, but the Kaawa specimens arc indistinguish- 
al)le from topotypes from Awamoa. 

Cochlis ef. haweraensis (Marwick). This is apparently a new species 
represented by one of two shells identified by Suter for Bartrum as 
N, zehmdica Q. and G. It is, however, too imperfect to warrant 
description. 

Vher kaawaenms Marwick. 

Vher propeovatus Marwick, This species is very abundant at Kaawa 
(^reek. Here also should be included the earlier record of PoUnices 
sq genus Suter and probably P, amphialus (Watson), though the shell 
on which this determination was based by Suter is rather too 
imperfect for exact determination. 

. Xenophalium kaawaensis n. sp. (Figs. 53 and 54). 

Iredale {Rec, Austr. Mus,, vol 15, No. 5, Ap. 6, 1927, pp. 333 
and 339) introduces the genus names Xenophalium (p. 333) and 
^Xenogalea (p. 339) for certain Australian helmet shells, but Powell 
ill a paper in preparation shews that the. two proposed genera are 
synonymous, so that Xenophalium takes page priority over 
Xenogalea, ^ . 

The Kaawa species referred to this genus appears to bo ancestral 
to the Waipipi representative of the pyrum line— Phalium fibratum 
Marshall and Murdoch {Trans, N.Z, Inst,, vol. 52, 1920, p. 131) — 
whilst PhaMum grangei Marwiefi {Trans. N.Z, Inst,, vol. 56, 1926, 
p. 319) in its turn is a forerunner of the Kaawa species. 
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Finlay {Tram. N.Z. Inst, voL 56, 1926, pp. 230-31), includes 
granges in his new genus Enspinacassis, but the lasciole of this species 
is sculptured transversely, as in pyrum, and lacks the longitudinal 
sculpture of Euspinacassis, true PhcHium and Semicassis. For this 
reason Phalivm grangei Marwick ^ould be relegated to Xehophdlium. 
Description of Kaawa species : 

Large inflated shell, with low conical spire, closely resembling 
X. grangoi (Marwick). 

Earlier spiral-whorls almost flat in outline, later ones slightly 
convex; body-whorl slightly concave above the broadly-rounded 
nodular shoxdder-angle, but below this, swollen above and rapidly 
contracting towards base. 

Suture bordered below by a low spiral fold with three strong 
spiral threads beneath on shoulder. Fasciole and outer lip broken 
away. Inner lip has expanded callus extending to the nodular 
shoulder-angle of body-whorl, thin on parietal wall but thicker below 
and practically closing false umbilicus. Columella callus smooth and 
fairly thick near base. Columella has 2 oblique folds near base, not 
1 as in grangei. 

Ornamentation differs from that of grangei by having two strong 
nodular cingali and an inconspicuous third on body-whorl, in place 
of three and an inconspicuous fourth, whilst intermediate sculpture 
is very much stronger. Spire shews only one nodular spiral as in 
grangei. Between each pair of nodular cinguli, there are two smaller 
similar bands separated by shallow narrow interspaces. Below the 
lowest, or third, nodular cingulus there ai’e 13 similar rounded spiral 
I'ibs separated by narrow grooves. Protoconch worn. 

Dimensions oE holotype: Height, 67 mm.; breadth, 48 mm. 

Genus ODOSTOMIA Fleming, 1813. 

Several damaged specimens were collected representing two 
species of this genus, one being illustrated in Fig. 32. A single 
specimen agrees closely with Suter’s description of 0. siherriffi Hutton 
(N.Z. Geol. Surv. Pal. Bull, No. 3, 1915, pp. 16-17), except that 
the peripheral spiral sulcus is absent, perhaps as a consequence of 
wear. 

Verconella komahinensis n. sp. (Figs. 59 and 60). 

Species of moderate size near V. adusta (Phil.). Only one 
specimen known. Fairly large, fusiform dieU, with conical spire 
half the height of aperture and canal. Body-whorl with rounded 
shoulder-angle bearing rather distant rounded nodules present also 
on spire-whorls. Nodules regularly increasing and almost spinose on 
body-whorl; without the connecting carina present in adusta. Axial 
costae only faintly develoi)ed. 

Aperture, columella, inner lip, and anterior canal as in adusta; 
columella broken bebw. Outer lip thin, not crenulatc as in adusta, 
oimg to toer sculpture. Posterior canal narrow, as shoulder of 
body-whorl js appressed towards suture. Suture appressed, somewhat 
deep; undulating on account of position immediately below nodular 
canna. 
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Ornamentation of numerous spiral lirae (very much finer than 
in aduata) with intervening still finer secondary threads, varying in 
number from 1 to 5 — ^generaUy 1 on spire whorls and 4 or 5 on b^y- 
whorL 

Pimensions of holotype: Height (apex broken), 71.4 mm.; 
approximate breadth, 36.5 mm. 

Genus AUSTROPUSUS Kobelt, 1879. 

Finlay {Trans. N.Z. Inst., vol. 56, 1926, pp. 232-3) shews that 
the generic name Austrofusus replaces Aethocola Iredale, and also 
institutes a new genus ZelandieUa, based on Neptunea nodosa Hutton 
as type, in which ho includes, amongst other species, the Kaawa shell 
Siphonalia propenodosa Bartrum. Considerable diagnostic import- 
ance is placed by Finlay on the characters of the protoconch. 

Examination of reasonably well preserved protoconchs in 8 or 9 
specimens of propetiodosa fails, however, to bear out Finlay 's classi- 
fication. One apical specimen, in particular, quite indistinguishable 
in sculpture from propenodosa, shews a conic protoconch like that of 
Austrofusus plans (Bolten). (Sec Finlay, Trans. N.Z. Inst., vol. .56, 
1926, p. 232), as is illustrated by Pig. 67 

For this reason, the present writers prefer to relegate propt no- 
dosa to the genus Austrofusus. Regarding the shells described as 
Siphonalia kaawaensis by Bartrum (1919, b), both Manvick (MS.) 
and Finlay (Trans. N.Z. Inst., vol. .56, 1926, p. 233) have regarded 
these as identical with propenodosa; further collecting has substan- 
tiated this view. 

Concerning the sub-genera of Austrofusus, it may be remarked 
that there is very unequal development or the faseioles of specimens 
of A. plans (Bolteu) from Kai Iwi, some being even imbricating and 
pos8e.ssing a slight keel. Further, a Recent A. plans colony from 
Opotiki shews variable twisting of the ])illar and some inequality of 
development of the faseiole ; in one or two specimens it is well 
developed. 

In the .sections Neocola and Nassicola, however, the differences 
of length of the canal are so marked as to be very useful criteria. 

Austrofusus (Neooola) ngatuturaensis n. sp. (Figs. 57 and 58). 

This species resembles A. taitae (Marwick) and also shews 
possible alliance to A. gamma Finlay. 

Shell moderately small, fusiform with conical spire stepped on 
account of strongly angled whorls and a little less in height tlian 
aperture and canal. Six or seven whorls with high, fairly smooth 
protoconch (about 3J whorls) shewn moderately well on paratype. 
Whorls concave on shoulder, with suture margined by 2 close-spaced 
strong cords on narrow raised shoulder, and corrugated as result of 
strong axial costae. Costae faint on excavated shoulder and raised 
into sharp tubercles on angle, though dying away gradually on base. 
Earliest spire-whorls convex, later ones have angle-keel about middle. 
Body-whorl also witli faintly nodular lower keel giving more definite 
bi-angular outline than in taitae. 

Aperture oval, oblique, narrowly notdied above on aceoimt of 
oppressed' shoulder, and angled about middle. Outer lip thin and 
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with strong transverse lirae within. Inner lip thin and narrowly 
limited. Columella has greater twist to left and back than in typical 
A'listrofusus with very nan'ow and only sUghtly raised marginal 
keels to fascicle. 

Spiral ornamentation of strong approximately equidistant, 
sliarply-raised lirae surmounting the costae and their nodular exten- 
sions, and generally with 1, sometimes 2, or, on the base, even more, 
subsidiary threads in the interspaces. Two close-spaced lirae, with 
a fairly strong intermediate secondary, make a distinct keel at the 
shoulder-angle, whilst the lower keel of the body-whorl has a single 
strong spiral rib. 

The central basal area has 3 or 4 strong spiral cords, with the 
usual intervening secondary threads, and is inclined to be finely 
nodular. Below these there is similar, but less pro-minent spiral 
sculpture. Oblique growth-lines may produce a faint reticulation 
with the spiral lirae. 

Dimensions of holotype (incomplete) : 24 mm. x 14.8 mm. 
Paratype : 23 mm. x 13 mm. 

Cominella facinerosa n. sp. (Pigs. 26 and 27). 

Strongly inflated, fusiform shell with conical spire about half 
the height of aperture and canal. Worn and imperfect; apex and 
much detail of spire-whorls missing. Body-whorl broadly convex in 
outline; swollen above and rapidly contracting tovrards a broad 
fascicle at the neck. Shoulder conforming with slope of spire ; lower 
margin defined by uppermost of narrow rounded spiral cinguli 
prominent on body- whorl. Aperture oval, oblique, channelled 
narrowly above and produced below into a broad short anterior canal 
bent distinctl}^ to left and back, and moderately deepl}-^ notched. 

Inner lip appears to be narrowly and lightly calloused above 
but callus is thickened upon the sinuous columella, and here forms a 
plate which gradually tapers to a sharp beak below% and covers a tiny 
false umbilicus wedged in against the fascicle. 

Sculpture spiral; worn from spire. Shoulder of body-whorl 
appears to have been almost smooth ; below this 12 fairly* strong 
equidistant, rounded cinguli, separated by shallow grooves *C(iual in 
width to the cinguli. Occasional abnormally developed growth-lines 
produce irregular local minor lamellation. 

Dimensions of holotype : Height, 29 mm. ; width, 20.5 mm. 

Alcithoe propearabieula n. sp. (Fig. 61). 

A small elongate-oval solid volutid with height of conical s]u)*e 
(broken) about half that of aperture. Whorls with fairly numoTous 
faint axial ribs; 13 to 15 on penultimate whorl and 10 on body- whorl. 
Whorls very obtusely angled the angle of spire-whorls ni'ai* lower 
suture. Axial costae nodular at angle and extending fimn sinuri^ 
to suture in spire-whorls; gradually diminish on body-whorl until 
become almost obsolete near outer lip. Body-whorl tapers gradually 
from angle to neck, where remains of fascicle are imperfectly visible. 

Aperture oblique, broad. Outer lip broken below, reflexed and 
thickened at margin; upper portion locally envelops the angle- 
nodules, extending to middle of shoulder, and forms a massive broadly- 
rounded projecting shoulder which encloses a wide, elongated 
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posterior canal. Inner lip very thinly but broadly smeared with 
callus, which thickens below and tapers to a point, rolumella 
straight above and with 4 strong wide-spaced oblique plaits, l)Ut 
twisted slightly to left and back at the beak. 

Differs from arahiculd in more numerous costae on spire-whorls 
and lower position of the angle of these whorls. 

Dimensions of holotype (incomplete) : Height, 82.8 mm.; width, 
17.8 mm. 

Baryspira cf. hebera (Hutton). 

Kaawa specimens resemble hebera, though they were not com-* 
pared Avith a series of topotypes (Awamoa). 

Baryspira exsputa n. sp. (Pigs. 28 and 29). 

This new species contains the shells previously recorded from 
the Kaawa beds by Bartrum (1919, a) as Ancilla novae -zelandiae 
(How,), though Manviek (see Henderson and Grange, N,Z, Geol, 
Surv. Bull, No. 28, 1926, ]). 57) has realized the possibility of their 
representing a new species. 

The Kaawa species is relativelj’' small but is otherwise so closely 
similar to novac-zelandiae that a record of divergent cliaracters will 
suffice. The (essential difference lies in the shorter spire and more 
inflated body-whorl. In addition, the basal grooves are higher up 
in the now species. 

Dimensions of holotype: Height, 5.7 mm.; Imeadth, 2.8 mm. 

Marginella hesterna n. sp. (Figs. 30 and 31). 

The Kaawa species of Marginella approach clos(d> to the Recent 
New Zealand pijgmaea, but differ in the smaller a\erage adult size, 
the blunter nature of the spire and the very much thicker outer lip. 

It is probable, in any ease, that true injgmaea is not represented 
in New Zealand. The type appears to be iVom Brisbane, for Tomlin 
remarks {Proc. Mai, Hoc,, \ol. 12, 1917, p. 293) that ' . . . . the type 
is tlie larger of two on one tablet; the smaller is labelled ^‘Brisbane 
and Australian shells appear to be narrower and more 
evlindrical than New Zealand ones. 

The Ktiawa shells average about 4.5 mm. in height, whilst a 
series of Recent pggmaea^^ specimens from Whangaroa average 
7 mm., though Suter {Manual, p. 465) records the height of shells 
from Poveaux Strait as 5.5 mm. 

The Kaawa species is a small, very solid, smooth voluti form shell 
uith a low blunt spire one-flfth the height of aperture. Protoconch 
low, smooth, about H whorls, followed by 3^ convex whorls, the last, 
or lx)dy-whorl, much inflated with a broad convex shoulder, and 
then tapering fairly rapidly to the base. Aperture long, fairly 
straight and slightly oblique; wedgc*-shaped, channelled and narrow 
above but widening below. A broad shallow anterior notch at base, 
l)ut without resulting fasciole. Outer lip greatly thickened, slightly 
reflexed ; continues as a sharp ridge or varix across base just above 
notch. Columella straight and slightly oblique to the left; carries 
4 strong, sharp, equidistant plaits near the base, the upper two 
nearly transverse, the lower pair more oblique. Inner lip polished 
and ill-defined. 

Dimensions of holotype: Height, 4.5 mm.; width, 2.8 mm. 
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Alarginella ( ?) harrisi Cossm. 

The record of M. (?) harrisi Cosam. (Bartrum, 1919, a) is incor- 
rect, for the shell on which it was based is probably an imperfect 
specimen of the new species. 

Genus AUSTEODRILLIA Hedley, 1918. 

Hedley {Rec. Austr. Mus., vol. 13, No. 6, 1922, p. 250) has 
proposed to put DriUia laevis (Hutt.) into a new subgenus Splen- 
drillia of the genus Melatoma Swainson — ^type Brillia woodsi 
Beddome. W. L. May (lUmtr. Index Tasm. SheUs, 1923, pi. 35 Fig. 
15) refers woodsi to the genus AustrodriUia Hedley, 1918, so that 
Splendrillia becomes a synonym of this latter genus, and the Kaawa 
shell previously listed as Brillia laevis (Hutt.) must be referred to 
AustrodriUia. 

Certain Kaawa shells of the original collection identified pre- 
viously as DriUia aequistriata Hutt. prove to belong to a new species 
of AustrodriUia now described below. 

AustrodriUia koruahinensis n. sp. (Figs. 36 and 37). 

A shell very closely resembling aequistriata, but more densely 
striated. Fairly large turreted shell, with sharp conical spire a 
little higher than aperture and canal. Seven whorls; whorls deeply 
excavated on shoulder and gently convex below. Protoconch (para- 
type) about li convex, smooth whorls. Suture impressed and mar- 
gined below by a slightly convex raised spiral band, which descends 
into the concave sinus-area of shoulder. Outer lip broken ; evidently a 
deep notch in outer lip near suture, for growth-lines are bent sharply 
and strongly back. Aperture slightly oblique; columella straight 
above and bent slightly to left near fasciole at base. Anterior canal 
(paratype) short and fairly broad; rather shallowly notched, so that 
fascicle is not prominent. Inner lip sharply margined; rather 
narrowly calloused, with somewhat thick pad of callus at posterior 
canal. 

Sculpture: 11 or 12 axial costae passing up from suture to the 
slight angle at shoulder, but not developed on the latter; inclined to 
be faintly nodular at angle, especially on upper whorls. Spiral 
ornamentation of close-spaced threads (about 9 per mm. on body 
and penultimate whorls). Base has about 11 larger sub-equidistant 
spiral threads (including those on fasciole) less prominent towards 
shoulder. Paratype has 6 raised threads on base and 5 on fasciole. 

Dimensions of holotype (Fig. 36) (apex broken) : Height, 23.7 
mm.; diameter, 8.8. mm. Paratype: 18 mm. x 6.3 nun. 

Austrotoma cf. scopalveits Finlay. 

Kaawa specimens agree moderately closely with Finlay’s species 
{Tram. N.Z. Inst., vol. 56, 1926, p. 253). This applies particidarly 
to a single juvenile shell, though the adults appear to attiun a greater 
si» than the type, whilst the body-whort appears to be more loosely- 
coiled, and, on smaller typical specimens, exposes 6 spirals on the 
penultimate whorl. 
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Torris cf. duplex Suter. 

The shell recorded by Bartrum (1919, a) as Turris duplex Suter 
differs from this latter species in the number of ribs and in the 
possession of some larger spiral threads on the base. The canal is 
unknown, for the outer lip is broken. As only one specimen is known, 
its divergence from duplex scarcely seems sufficiently marked to 
warrant the creation of a new species. 

Guraleus ngatuturaensis n. sp. (Figs. 34 and 35). 

The new Kaawa species is closely allied to (r. (= MangUia) 
sinclairi (Smith) (see Hedley Suppl. to Journ. Roy. Soc. N.8.W., 
1918, p. M 79), but has its axial ribs finer and more numerous — about 
21 on body-whorl, in contrast with 10 — 16 in sinclairi. 

Fairly small, turreted, fusiform, axially costate shell, with 
wiiical spire about 4/3rd8 height of aperture and canal. 6 convex 
whorls; shoulder slightly convex to almost fiat on spire-whorls, and 
flat to slightly concave on body-whorl. Spire-whorls angled near 
middle, but shoulder of body-whorl narrow. Protoeonch low, about 1 
smooth whorl, followed by a whorl which is spirally lirate, but not 
axially costate. Subsequent whorls have both spiral and axial 
sculptui'e. Suture impressed. Aperture oblique to left, oval, with a 
distinct angle above and a fairly broad and somewhat short canal 
below, oblique to left and not notched at base. Outer lip broken. 
Inner lip thin smooth and narrow. Colmnella broadly convex, 
oblique to left. 

Sculpture: Axial costae from suture to suture on spire, weaker 
on shoulder of body-whorl, and gradually dying out on base. Costae 
narrow, sharply raised; interspaces a little wider than ribs. These 
latter almost straight on lower half of each whorl, but bent distinctly 
to left on shoulder forming a shallow V with ajjex at angle. Close- 
spaced strong spiral threads (about 12 per mm. on penultimate 
whorl) prominent, surmounting costae; wider apart and stronger on 
bast*. 

Dimensions of holotypc : Height, 7.1 mm. ; width, 2.6 mm. 

Genus PERVICACIA Iredale, 1924. 

Terebra benesulcata Bartrum and a shell in the A.U.C. collec- 
tion identified by Dr. Marwick as T. tristis Desh. should now be 
referred to the genus Pervicacia Iredale {Proc. Linn. Soc. N.S.W.,‘ 
vol. 49, pt. 3, 1924, p. 262). 

Fresh material shews that while ttistis is certainly represented 
by a single specimen, others previously referred to this species belong 
to a new species now described as Pervicacia suhtUissima n. sp. 

Pervicacia anbtiliaaima n. sp. 

Elongated sharply turreted axially costate shell close to tristis. 
Spire four times height of aperture and canal; outline fairly straight. 
Whorls only sUghtly convex, 9 on holotype, 6^ on paratype. Boeb^- 
whorl convex, rapidly contracting to neck. Aperture (paratype) 
oval, oblique” to left, terminating bdow in short, broad canal bent 
strongly to left, and moderately deeply notched, giving rise to an 
oblique wide fasciole bordered by high ridge against base of body- 
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whorl. Columella straight above, bent to left below. Inner lip 
narrow and thin. Protoconch (paratype) or 4 smooth whorls. 

Axial ribs not so flexuous as in tristis, more upright and much 
sharper or narrower at crest ; 15 ribs on antepenultimate whorl. 

Dimensions of holotype (incomplete) : Height, 18.8 mm., 
diameter, 5.4 miii. Paratype : 10 mm. x 3.2 nun. 

Genus RHIZORUS Montfort, 1810. 

Finlay {Trans. N.Z. Inst., vol. 57, 1926, p. 437) points out that 
Hedley {Proc. Linn. Soc.N.S.W., \ol. 41, 1917, p. 716) indicated that 
the generic name Volvulella Newton, 1891, must be replaced Ijy 
Rhizorm Montfort, 1810. At the same time he shews that the New 
Zealand Recent shells grouped by Suter {Manual, p. 529) with the 
fossil species Volvulella reflex a (Hutt.) arc distinct from this latter, 
and institutes a new species nesentus to include them. 

Two specimens collected from the Kaawa beds differ both from 
the Recent and the fossil species and constitute a new species. 

Rhizorus msrwicki n. sp. (Pigs. 40 and 41). 

Only a single worn specimen (the holotype) now remains, for 
the small paratype was accidentally destroyed subsequent to examina- 
tion. 

A tiny, elongate-oval, involute shell with sliarp apex and lather 
narrowly rounded base. Close to reflexa and msentus, but more 
tumid than either. Outer or body-whorl broadly convex, narrowing 
rapidly above to a fairly sharp spire, but more gently below to the 
narrowly curved base. 

Shoulder slightly concave in front, near base of spire; equator 
of body- whorl about one-third height down from apex. Aperture the 
whole length of shell; a narrow slit above, but swelling below" in 
accord with narrowing of body-whorl at parietal wall. Outer lip 
thin, broadly convex, broken above; apparently not reflexed; ])ent 
sharply around to join with almost straight short pillar at base. 
A small chink-like hollow between pillar and initial tumescence at 
base of body-whorl. 

Ornamentation: Strong close-spaced axial striae shewn w"ell by 
broken paratype, but worn from holotype except at inner lip. Paint 
traces of about three spiral grooves shewn near base of paratj-pe. 

Dimensions of holotype: Height, 2.4 mm.; diameter, 1.35 nun. 

Genus CYLICHNINA Monterosato. 

Finlay {Trans. N.Z. Inst., vol. 57, 1926, p, 438) shews that this 
generic name must replace Cylichnclla for many New Zealand species. 

Genus DKNTALIUM Linne, 1758. 

In the absence of better material than is available, no revision of 
the Kaawa species of this genus has been attempted. 

Nueula ambrosia n. sp. (Figs. 42 and 43)« 

The shells recorded by Bartrum (1919, a) and Marwick (see 
Henderson and Grange, N.Z. Qeol. Surv. Bull. No. 28, 1926, p. 57) 
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as Nucula harivigiana Pfr. differ from this species in many respects, 
though undoubtedly closely allied to it, and are therefore given 
specific rank. In outline the posterior margin is flatter, the flattening 
beginning higher up, for the hinge is shorter than in harivigiana. 
In addition, the radial sculpture is more definite, and there arc only 
7 concentric ribs per mm. compared with 9 in harivigiana. Finally, 
in the hinge, the ligament pit is smaller, narrower, and iiiori^ oblique, 
whilst the posterior teeth do not come so far down as in harivigiana, 
for they number only 6 instead of 8 or 9. 

Shell, small, obliquely subtriangular, highly inequilateral, tliin 
and with pearly interior ; ornamented by radial striae and eoneenti'ic 
ribs. Beaks small, strongly ineun^ed, approximate, directed back; 
situated at one- fourth length from posterior end. 

Broad shouldei'-like folds from beaks to anterior and posterior 
margins. Anterior dorsal margin sloping, gently convex, with faint 
sinuosity immediately behind where anterior fold meets margin. 
Posterior margin then joins with ventral margin in regular (*onvex 
curve. 

Hinge broadly arched, with central, narrow, elongate resilium 
pit strongly oblique anteriorly, 6 sub-equal transverse teeth t)ehind 
pit; about 10 in front, becoming smaller and indistinct towards i)it. 
Interior of shell pearly; strong close-spaced .striations near basal 
margin; this latter finely crcnulate. 

Ornamentation of stj*ong equidistant concenti’ic rib'i (7 i)er mm.) 
with sub-equal’ intervening furrows; both crossed by very dense 
radial striae, especially prominent in furrow’s. 

Dimensions of holotype: Length, 5.1 mm ; height, 2.8 mm. 
thickness, 1.2 mm. 

Nuculana tenellula n. sp. (Figs. 3, 4. and 5). 

Dr. Marwick has pointed out (MS.) that the Nuculana listed by 
Bart rum (1919, a) as Leda hellula A. Ad. is slightly different from 
that species in that its posterior dorsal surface is more cone.avis its 
beak blunter and more upturned, whilst its teeth are fewer and 
extend less towards the posterior margin or beak. The shells are 
therefore separated out as a new species named as above. 

This new species is a small, .strongly inequilateral, eonetnitrically 
ribbed shell, ovate in form, rounded in front and produced naiT<)wd> 
behind to a rounded slightly uptilted beak. Umbones small, approxi- 
mate, situate at anterior third, directed back, with an escutcheon 
separated from rest of posterior dorsal surface by a distinct fold 
running from umbones to posterior margin. Escutcheon wnihout 
concentric markings. Posterior dorsal outline concave with a sharp 
ridge in middle of escutcheon produced by sharply upturned shell 
margins; descending very jdowly. Ventral mar^pn broadly convex 
from be^ at posterior margin and forming a fairly uniform curve 
with anterior and anterior dorsal margins. 

Teeth transverse, V-shaped; 14 on anterior side, reaching to 
anterior margin, 10 on posterior side extending little more than half 
way to beak. Teeth decrease in size tow^ards umbo. 

Omamentatiem of strong, fairly sharply raised concentric ribs, 
closer together near beaks than towards middle of shell, and angled 
at narrow posterior fold; about 6 per mm. 
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Dimensions of holotype : Len^h, 6.7 mm. ; height, 4 mm. ; thick- 
ness, 1.6 mm. Paratype, 8.4 mm. x 4.7 mm. x 1.8 mm. 


Gtenus AECA Lamarck, 1799. 

Marwick (MS.) remarks on the divergence of the shell listed pre- 
viously as Area subvelata Suter from the type. As only two shells 
have been collected, however, and may represent juvenile forms, more 
material is required for comparison. 

Other Kaawa species are A. novae-zelandiac Smith and a new 
species recognised as such originally by Dr. Marwick, which has been 
named Area (Acar) opuraensis n. sp. 

Area (Aoar) opuraensis, n. sp. (Mg. 15). 

Known by a single left valve. Elongate, quadrate, ventrieosc, 
strongly inequilateral shell with strong concentric and radial ribs 
yielding imbricated sculpture. Broad swollen beak at about anterior 
third, from which a strong fold runs to posterior dorsal margin, 
delimiting posterior dorsal area, and a faint one, with a slight sinus 
above it, to anterior basal margin. Beak directed forwards, relatively 
approximate; cardinal ligament area almost obsolete, but a linear 
anterior area raised along anterior margin and a broad flattened pos- 
terior area. Anterior margin descends slowly ; sinuous, a slight sinus 
near beak and then narrowly convex toward prominent angle with 
sub-vertical sinuous anterior margin. Ventral margin forms strong 
rounded angle anteriorly, flexed, with an anterior gape, lightly con- 
vex. Posterior dorsal margin horizontal, straight. Posterior lateral 
margin somewhat oblique towards basal margin, lightly concave in 
middle, strongly and broadly angled above and more narrowly below. 

Sculpture reticulated. About 15 very strong rounded concentric 
ribs, closer together near beaks and more distant below, where lowest 
3 or 4 have rather iin imbricated structure. Also strong radials, 
about 3 per mm., developed generally between concentric ribs and 
dying out on these latter, except towards ventral margin where they 
cause a crenulation of the concentric sculpture which is especially 
prominent on posterior area. Grooves between radials subequal to 
these latter. 

Hinge-plate narrow, worn; teeth straight, in oblique series, large, 
not numerous — about 12 posteriorly and 4 anteriorly — obsolete below 
beak. Internal margin worn, slightly sinuous, but apparently not 
crenate. • 

Dimensions: Length, 8.3 mm.; height, 4.8 mm.; thickness, 2 mm. 

OlycymBris waipipienais Marwick. 

Bartrum’s (1919, a) record of Q. stricdularis (Lamk.) should be 
amended. The species is G. waipipiensis Marwick. Similarly, Mar- 
wick {Trans. N.Z. Inst., vol. 54, 1923, p. 72) haa shewn that the 
record of 6 . globosa is incorrect, the edieU bdng a new species — G. 
kaawaensis Marwick. 


Oiumcemssatn n. sp. (Mgs. 46 and 47)i 

Dr. Marwick separated out a shell collected by Bartrum as tive 
Recent Cuna carditdloides Suter, but compaiisou with topotypes of 
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that species (Pigs. 44 aad 45) shews many strong differences. The 
outline is more rounded, the posterior dorsal margin being broader, 
more regutorly and strongly convex and not so rapidly descending 
as in carditelloiAeSf the dorsal margin and umbo thus being broader. 
Further, there is no distinct angle near the posterior margin, whilst, 
as concerns sculpture, the ribs are much broader in the new species 
and the interspaces linear. 

Shell minute, fairly solid, moderately ventricose, slightly inequi- 
lateral, radially ribbed, with fairly broad approximate central beak 
with distinct oval lunule in front. 

Posterior dorsal margin as described; anterior dorsal margin 
sloping fairly steeply, flat above and then sweeping round in semi- 
circular curve embracing ventral margin. 

Sculpture of about 17 broad, flat, subequal, radial ribs (smaller 
near dorsal margin), with linear intervening grooves. Hinge-plate 
heavy. Holotype- (right valve) shews stout slightly bifid cardinal 
tooth. Internal basal margin crenatc. 

Dimensions of holotype : Length, 1.7 mm. ; height, 1.8 mm. ; thick- 
ness, 0.55 mm. 

Oardita aoteana Finlay. 

Finlay {Trans. N.Z. Inst., vol. 57, 1926, p. 459) shews that the 
species C. calyculata (L.) is not represented in New Zealand, and 
states that the Recent New Zealand shells fall in at least two species 
he institutes — C. hrookesi and C. aoteana. The Kaawa shells listed 
previously as cahjcvlata prove to belong to the species aoteana. 


Genus VENEBICAEDIA Lamarck, 1801. 

A number of species of this genus arc represented at Kaawa, 
including difficUis (Desh.), lutea (Hutt.) and 3 new species of the 
purpurafa group, whilst the record of purpurata itself must be 
expunged. The Kaawa specimens of lutea have the shape and hinge 
characters of typical lutea, though the ribbing is slightly closer than 
in the Recent species. 

Venericardia komahinmnia n. sp. (Figs. 10 and 11). 

Small, rounded-ovate, only slightly inequilateral shell, moder- 
ately ventricose, broader than high, and with strong radial ribs. 
Beaks small, little infllated, approximate, sub-central, fairly strongly 
curved and with a large oval lunule in front. Anterior end slightly 
the longer; less broadly rounded than posterior end. Anterior dorsal 
margin almost flat to gently convex, sloping very gradually to regu- 
larly rounded anterior margin. Ventral maigin broadly i-ounded, 
continuing curves of lateral margins. Posterior dors^ margin gently 
convex ; some paratypes have distinct angle at posterior margin. 

No concentric sctilpture, but about 22 dose-spaced broad, 
rounded, radial rilte with equal interspaces. 

Hinge as in purpurata, except that central cardinal of right valve 
is narrow. Internal basal margin rather coarsely crenulate. 

Biimiensions of Jiolotype: Length, 6.5 mm.; height, 5.4 mm.; 
thickness, 1.8 mm, ParBt 3 rpe: 5.9 mm. x 4.6 mm. x 1.5 mm. 
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Venericardia (Pleoromeris) imniscula n. sp. (Fig. 12). 

Very small, equilateral, sub-circular, moderately ventricoso shell, 
with small poorly-inflated central beaks. Dorsal margin with gradual 
slope; moderately flat immediately behind beak, and then sweeping 
round to conform with narrow arc of posterior margin. Flattened, 
or slightly concave in front with a distinct angle shewn by some para- 
types at rounded anterior margin. Basal margin semi-circular. 
Sculpture of about 22 narrowly rounded, close-spaced radial ribs, 
Avith equal interspaces. Faint growth-lines visible near ventral mar- 
gin. Hinge of Fleuromeris type; worn on holotype. Basal margin 
(paratype) strongly and coarsely crcnulate. 

Dimensions of holotype : Length, 4.6 mm. ; height, 4.6 mm. ; thick- 
ness, 1.2 mm. Paratype: 3.2 mm. x 3 mm. x 1.05 mm. 

Venericardia penerectangnlaris n. sp. (Figs. 8 and 9). 

A fairly small, solid, ventrieose, quadrate species with strong 
radial ribs; near difficilis, but more quadrate and with slight differ- 
ences in the hinge. 

Beaks about anterior fifth, broad, prominent and rounded with 
fairly small inset heai’t-shaped lunule in front. Posterior doi’sal 
margin very gently convex, sub-parallel to ventral margin and 
strongly angled at posterior margin. The latter almost straight, sub- 
vertical, with a rounded-rectangular angle at basal margin. Basal 
margin flat to lightly convex, sloping gradually up to fairly sharply- 
rounded anterior margin. Anterior dorsal margin flat, or faintly 
concave, near beak, then desc^ending stcepl}, gently convex, to ante- 
rior margin. 

Sculpture (slightly worn) of about 20 strong, rounded, radial 
ribs with somewhat flattened crests and equal interspaces. Ribs ren- 
dered faintly nodular by imbricating development of growth-lines, 
which are’ prominent in interspaces as raised threads. 

Hinge-plate heavy. Posterior cardinal of holotype (left valve) 
sub-parallel to dorsal margin; anterior cardinal smjdl and broadly 
triangular. In right valve (paratype) central and posterior car- 
dinals sub-parallel to dorsal margin. Hinge otherwise as in difficilis. 
Internal basal margin coarsely and strongly crcnulate. 

Dimensions of holotype (left valve) : Length, 13.5 mm. ; height, 
10.5 mm.; thickness, 4.2 mm. Paratype (right valve): 13 mm. x 
10.25 mm. x 4 mm. 


ftenus NOTOMYRTEA Iredalo, 1924. 

Finlay {Trans, N,Z, Inst,, vol. 57, 1926, p. 461) places shells 
previously recorded from the Kaawa beds as Lucinida concirma (Hut- 
ton) and L, cf. Uvifoliata Marshall & Murdoch in the new subgenus 
Pteromyrtea of the genus Notomyrtea Iredale (Prac, Linn, Soc, 
N,8,W,, vol. 49, pt 3, 1924, p. 206). The Kaawa shells compared 
with Uvifoliata appear to agree well with that species. 

Diplodonta aselandica (Gray). 

Finlay (loc, cit, pp. 461-2) wishes to distaiiss Diplodonta from 
lists of New Zealand fauna, and replace it by Zemysia gen. nov., but 
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records no differences of the New Zealand shells from those classed 
in the genus Diplodonta elsewhere. 

Rochefortula kaawaensis n. sp. (Figs. 51 and 52). 

Finlay (loc, cit,, pp. 464-5) institutes the new genus Rochefortula 
to include the Recent New Zealand species RocJiefortia reniformis 
Suter (Trans. N.Z, Inst,, vol. 40, 1908, p. 357) and predicts the dis- 
covery of Tertiary ancestors, one of which lias now ai)peared from 
the Kaawa beds. 

The solitary shell representing the new species has the characters 
of the right valve of reniformis, for its anterior end is the longer and 
its beak directed back, but differs from this latter species in having 
its ends inore blunlly rounded, whilst the concentric lines are faint. 
Further, it declines more steeply at the posterior end, and the ventral 
margin is flattened. 

Shell small, ])oorly-mflatcd, sub-quadrate, rounded; only slightly 
ine(|uilateral, almost smooth, with Simall inconspicuous beak near the 
middle. Dorsal margins broadly convex; posterior margin slope.s 
fi'iirly steeply and is well rounded. Anterior margin descends more 
gradually and forms a broadly rounded angle at ventral margin. 
This latter flat at middle and then conforming anteriorly with strong 
sweep of 1 ‘ounded anterior margin. 

Sculpt u IV (slightly worn) : Paint growth-lines and traces of dense 
ueak radial striae, especially towards basal margin. These latter may 
not repr(‘sent true sculpture, however, for shell is worn. Hinge (right 
valve) shews a fairly heavy hinge-plate with resilium pit below the 
beak and a strong divergent, raised cardinal on either side. Internal 
margin snuKith. 

l)inieu8ions of holotype: Length, 6 mm.; height, 4.7 mm.; thick- 
ness, 1.3 mm. 


(lenus MA(T)MA Leach, 1819. 

Finlay (loc, cit., p. 435) states that the generic name Tellina 
s. str. is inapplicable to New Zealand species, and refers many of 
tliein to the genus Macoma Leach, 1819. Amongst Kaawa species of 
Tellina listed b> Bartrum (1919, a) ishuttoniste^Thahn^odon Suter s 
determination of a single valve. The addition of fresh material 
sh(*ws, however, that this is a new species described below as Macoma 
suhtriquetra n. sp. 

The other species represented are M. edgari (Iredale) (= gla^ 
hnlhj), M. gaimardi (Iredale) (— alha)^ M, hutioni (Smith) and 
M. spcnceri (Suter). The species Tellina urinatoria Suter appears to 
belong to the new genus MaoritelUna of Finlay (loc, cit,, pp. 465-6). 

MarOOma sUbtriquotra n. sp. (Figs. 1 and 2). 

Unfortunately, all the specimens of this species are left valves 
and it is impossible to obtain the hinge-characters sufficiently clearly 
to determine whether or not the shell should be referred to the genus 
BarytelUna Marwick (Proc, Mai. 8oc., vol. 16, 1924, p. 26). It is, 
however, very near Macoma hutioni sferrha (Suter), but differs from 
it in its smaller and different outline. 
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TranaaeUona. 


Shell very small, thin, ovate to sub-trigonal, generally com- 
pressed, inequilateral; small, low, inconspicuous beaks near anterior 
third. Anterior end the longer, broadly rounded; posterior end 
much narrower. An indistinct fold runs from beak to angle of pos- 
terior margin. Anterior dorsal margin flattish above, descending 
steeply. Posterior margin strongly angled at basal margin. The 
latter broadly convex, though with a faint sinus b^ind. 

One ^ecimen, apparently of this species, shews a more rotund 
outline, combined with greater convexity. 

Sculpture: Growth-lines developed into faint striae visible on 
parts of a paratype. 

Hinge as in huttoni. Pallial sinus imperfectly visible. Internal 
margin smooth. 

Dimensions of holotype: Length, 7.5 mm.; height, 5.7 mm.; 
thickness, 1.1 mm. 


Semeloidet^ donaoiformis n. gen. and sp. (Figs. 49 and 50). 

A shell new to New Zealand, and puzzling in its relationships, 
for it has hinge-characters similar to those of Semele, but differs from 
that genus in outline and in coarsely crenulated ventral margin — 
features in which it resembles Donax. 

The material available is a single, perfectly preserved left valve. 
It exhibits characters so distinct from those of all other genera 
known to the authors that its inclusion in any one of them — ^for 
example, Semele, which appears to be its closest relative — ^would be 
highly undesirable. As an alternative, the new genus Semeloidea has 
been created. 

The genotype is a small, thin, almost equilateral, ventricose, sub- 
trigonal-ovate shell, \vith breadth greater than height. Beak small, 
sharp, directed forwards, situated at the middle. No lunule or 
escutcheon. Anterior and posterior ends rounded, the dorsal mar- 
gins with a moderate slope and gently convex, the former slightly 
flatter than the latter. Basal margin horizontal, almost straight in 
middle. 

Sculpture of microscopic concentric growth-striae, with strong 
radial rounded fold-like ribs prominent at the extremities, but rapidly 
becoming obsolete along ventral margin and also fading rapidly away 
towards upper half of shell. About 5 strong radial ribs at each 
extremity, with equal interspaces. 

Interior grooved mid marginally crenulated in correspondence 
with external sculpture. Adductor scars distinct, equal, circular. 
Pallial sinus not shewn, as surface is slightly etched. Hinge (left 
valve) : 2 strong, raised cardinal teeth below beak, followed by a 
strong, long, gently curved posterior lateral sub-parallel to posterior 
dorsal margin. Anterior cardinal much the stronger, thickening 
below and directed obliquely forwards; the other sub-vertical, dis- 
tinctly curved posteriorly. 

Resilifer indicated by faint striations, sub-parallel to posterior 
lateral, visible in pit bertween it and cardinals. 

Dimensions : Length, 7.9 mm. ; height, 6 mm.'*, thickness, 1.9 mm. 
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JtMaaia exoptata n. sp. (Figs. 13 and 14). 

Known by only two specimens, both somewhat imperfect. Differs 
from Becent B. lameolata Gray in possessing straighter dorsal sur- 
faces and in the distinctly raised nature of posterior dorsal surface. 

Fairly lar^, lanceolate, thin, slightly inequilateral, rather com- 
pressed shell with very small sharp beaks near the middle ; sculpture 
of concentric growth-lines. Anterior end ^ghtly the longer; pos- 
terior end with broad indistinct fold from beak to posterior margin. 
Posterior gape of valves. 

Anterior dorsal margin straight with very gentle to obtuse angle 
with narrowly rounded anterior margin. Posterior dorsal margin 
almost flat, but with slight convex bulge not far from beak, where 
margin rises steeply from dorsal surface. Posterior margin broken 
away; growth-lines indicate that it is less narrowly rounded than 
anterior. Basal margin convex; only slight curvature. 

Ornamentation of growth-lines; traces of original colour remain 
giving alternations of pale brown and darker purplish concentric 
hands of varied width. 

Interior not visible. 

Dimensions of holotype; Length, 26.5 mm.; height, 11 mm. 
Large paratype (imperfect) has approximate proportions (estimated) 
as follows; — Length, 62 mm.; height, 27 mm.; double thickness, 11 
mm. 

Tawera bartrumi Marwick. 

In a recent revision of New Zealand Veneridae, Marwick {loc. 
cit., pp. 614-615), relegates Chione spissa, C. mesodesma and C. meri- 
dionalis of Bartrum (1919, a) to Tawera bartrumi n. gen. et sp. 

Oomphina (Oomphinella) maorum Smith. 

Marwick (loc. cit., p. 631) institvitcs the new subgenus Gomphi- 
nella to include this species. 

Eamarda kaawaensis Marwick. 

Paphia curta (Hutton) of Bartrum (1919, a) is referred by Mar- 
mck (ioc. cit., p. 627) to this species. 

Nemocardiuin finlayi n. sp. (Fig. 48). 

Finlay (loc. cit., p. 471) recommends the use of the genus name 
Nemocardium Meek, 1876, to cover Protocardia pidchella (Gray) and 
an ancestral Tertiary species Nemocardium semitectum Marwick 
(Trans. N.Z. Inst., vol. 56, 1926, p. 312). 

Better material than that previously available has shewn that the 
Kaawa species, previously recorded as pulcheUum, differs from this 
.shell and from semitectttm in having much heavier flat-topped ribs, 
with only narrow interspaces, whilst the spines on the posterior slope 
are larger, blunter and more distant one from another. The new 
species is a thin, fra^e, sub-circular, slightly inequilateral, strongly 
ventricose shell with strong dose-spaced radial ribs. Beaks fairly 
large, tumid, dightly anterior. Dorsal margins descend in arcuate 
curve to latwal mariniu> and join with them and basal margin in 
sub-circular curve. 
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Sculpture; Denscs strong, rounded radial ribs, 4 per mm., flat- 
tened on top and with narrow interspaces. Concentric sculpture not 
detected, though«axial ribs are raised into long blunt spines near beak 
on posterior 61ope. 

Hmge imperfect ; internal basal 'margin finely notched. Dimen- 
sions of holotypc; Length, 9.2 mm.; height, 8.6 mm.; thickness, 3.8 
mm. 


List of MoVusca from Kaawa Beds. 

The following list includes all those species examined by the 
authors. Recent species arc indicated by an asterisk. 


Alciihoe mackayi Marwick. 

Alcithoe parva Marwick. 

Alcithoe propearabicula Powell 
& Bartram. 

*Anomu7 frigonopm Hutton. 

’‘^u.lrca {Barbatia) novae -zclandiae 
E. A. Smith. 

Area (Acar) opuraensis Powell 
& Barirum. 

.^Irco suhvelaia Suter. 

AmtrodriUia kormhinensis 
Powell & Bartrum. 

^AustrodrilHa laevis (Hutton). 

Austrofnsus ngatuturaenm 
Powell & Bartrum, 

Aiistrofusus propenodosa (Bar- 
trnm). 

Austrotoma ef. scopalveus Finlay. 

^Barnea similis (Gray). 

Barjfspira exsputa Powell & 
Bartrum. 

Baryspira cf. hebera (Hutton). 

^Cardita aoteana Finlay. 

Cocklis cf. Tiaweraensis (Mar- 
wick). 

CocMis noiocenica (Finlay). 

Cominclla facinerosa Powell & 
Barti*um. 

Crypt a opuraensis Powell & 
Bartmin. 

Crypta turnialis Powell & Bar- 
truni, 

G\ina cerussnta Powell & Bar- 
trum. 

Cyiichnina sp. 

Denfalium several spp. — ^no revi- 
sion attempted. 

^Dixflodonta zehmdica (Gray), 

WivariccUi cumingi (Ad. & Ang.)* 

Bosinia kanwaensis Marwick. 

^Dosinia {Dosinia) lambata Qould. 


^Dosinia (Phacosoma) 'maonma 
Oliver. 

^Dosinia cf. subrosa (Gray). 

Elachorbis cingulaius (Bartrum). 

*'Emarginula siriatula Q. and G. 

Eumarcia kaauaensis Marwick. 

*(jrrri lineolata (Gray). 

^Gari stangeri (Gray). 

Glycymeris kanwaensis Marwick. 

^Glycymcris modesta (Angas). 

Glycymeris tvaipipiensis Mamick. 

* Gom phi na ( G om ph inella ) 
maorum Smith. 

Guraleus uyaiuturaensis Powell 
& Bartmni. 

Hipponyx »p. 

Kaawatina iurncri Powell & 
Bartrum. 

Lima cf. colorata Hutton. 

*Macoma edgari Iredale. 

^Macoma gaimardi (Iredale). 

^Macoma hntioni (Smith). 

^Macoma spenceri (Suter). 

Macoma subtriquetra Powell & 
Bartrum. 

^Mactra discors Gray. 

^Mactra scalpellum Reeve. 

^MaoritelUna urinatoria (Suter). 

MargineUa hestema Powell & 
Bartrum, 

*j¥efmopsis trifasciaia Gray. 

Miltha neozelanica Marsh. & 
Murd. 

Monffortula haawaensis (Bar- 
trum). 

^Murex zelandicus Q. & G. ' 

*Myodora antipodufn Smith. 

Nemocarditm finlayi Powell & 
Bartrum* 

Neojanaous kaawaemis Powell & 

Bartrum, 
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Pll^ATE 25. 



Pigs. 1-2^—Jfaeoma mhtriqnctra n. sp. 7.5 mm. X 5,7 mm. 

Fio. 3.— iV'iimlawtf teneXlulQ n. sp.; paratype. 8.4 mm. X 4.7 mm. 

Pros. 4-6.— Fucft^awa tenHluU; Jiolotype. 6.7 mm. X ^ mm. 

Pros. 6-7.— ** T«r5o posHlntus Bartrum; neotype. 31.5 mm. X mm. 
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Tk.s ^Q17 —X<0}ana(us kaawanma n. sp ; liolotypo. 6 mm X G 7 mm. 
FU'S —Xrofanium Kaawuvnsis: paratope 32 mm. X 32 mm 
Fi(. 2i)—TugaU opumniMs n. sp. 11 ram. X 6 mm. 

Fk.s. 21-22.~-r/ oc7mi* htbaphns n. sp. 9.2 mm. X 10.7 mm. 

Pu.s. 23*24. — Crypta turmahs n. sp. 31.5 mm. X 19-26 mm. X H 6 
Fici. 25. — Ciypta opurainihis n. sp. 26 mm. X 15 mm. 

Figs. 2^-21,— Covixmlla factncrosa n, sp. 29 mm. X 20.5 mm. 
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Plate 28. 



Figs. 2^-2^.--Daryspira cxaputa n. sp. 5.7 mm. X 2.8 mm. 

Fjgs. Z{^-Zl.;—Margmella UeHterna n. sp, 4.5 mm. X 2.8 mm. 

Fi(i. 32. — Odi'jstowm sp. 4.8 mm. X 2.3 mm. 

Ft<}. 33 . — Hipponyx sp. 5.4 mm. X 4.6 mm. 

Figs. 34-35. — (htnilrii^s ngaiuturaensift n. sp. 7.1 mm. X 2.6 mm. 

Fig. 36. — AvstrodrilHa koruahinenttis n. sp.; holotype. 23.7 mm. X 8.8 

mm. 

Fig. 37. — Austrodrillia koruahincnsis; paratype. 18 mm. X 6.3 mm. 

Fig. 38. — Pervicacta subtiliamna n. sp.; holotype. 18 mm. X 5.4 mm. 

Fig. 39. — Pervicacta suhtilissima; broken paratype. Diani., 3.7 mm. 

Figs. 40-41. — Rhizorua marwicki n. sp. 2.4»mm. X 1*35 mm. 
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Fuis ula ambrosia n sp 51 mm. X 28 mm. 

Fms 44 Ab—Cuna (aiditclloules Sutev. Recent topotype. 2 5 mm X 2 mm. 
Flos. 46-47. — Cuna cnussata n sp. 1.7 mm. X 18 mm. 

Piu. 4S.—Ncmofatdium finlayi n sp. 9 2 mm. X 8.6 mm. 

Flos. 49-50 — l^emrhndca donatifonms n. gen. et sp. 7.9 mm. X 6 
Fk.s. ^V^2.—RochrfottuUi haaiiaensis n sp. 6 mm X 4.7 mm. 
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Fk.s. 53 54 .— kCiaiccunsis n. sp. 67 mni. X -IS mm. 

Fk.s. 55-56. — ^t^uthioUtna arthrituHi n. sp. 56.5 mm. X 44 mm. 

Fk.s. 57-58. — Austiofusus {Ncucola) ngatitluracufiis u. sp. 24 mm. X 
14.8 m.m. 

FiCts. 59-60. — Verconclla koruahineims n. sp. 71.4 mm. X 36.5 mm. 

Flo. ^1—AIvithoc propcaraHcula n. sp. 32.8 ram. X 17.8 mm. 

Fio. 62,’—Struthiolaria illepxda n, sp. Height, 61.5 mm. 

Flos. QZ’^A.—i:itiuthtolaria psiudovenms n, sp. 40 mm. X 25.5 mm, 
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^Notomyrtea concinna (Hutton). 

Notomyrlea levifoliata (Marsh. & 
Muril.). 

Xucula amhrosia Powell & Bar- 
liTim. 

*^Xi{cula 7u{i(lul(i A. Ad. 

Xuculana ienvUula Powell & 
Bart ruin. 

OdosUmia cf. slurriffi nuilon. 

Odoidomui s]). 

Olivdla Hfoziianica (Hutton). 

Pivtin williamsoni Zittel. 

P(('Un spp. not d(‘terinined. 

P(vvhit(i(i h(7u sulcata (Bar- 

train). 

Pirvnada suhiilissma Powell & 
[>jir1 rum. 

^P( rvicada iristis (l)('sh.). 

Pfsaiiia ( ro])fafa I^>w'(‘ll & Bar- 
trum. 

HJn:oru\ manvicU Powell 
Bart rum. 

J\(i< h ( fort id a h aa ivai 7dis Pow’ell 
^ Bart rum. 

m ( 1oid( a doiuu if arm is Powell 
<.V: Bart rum. 

’^Syectanun ei*. ((j(7ia ((lould). 

'' S { US i( la a ( (j nil at ( ra I is ( 1 )esl i . ) . 

Sj)isula aiqmlafcralis gilhddi 
Bart nun. 

'^Syisida ord inaria (Smith). 


Fd ruthiolaria arthrifica Powell & 
Bart null. 

StruOiiolarid illepida Powell & 
Bartruni. 

Him t h ioUma yscxidoveimi is Pow- 
(dl & Bail rum. 

Taxvi'ra hartrumi Marwiek. 
^Tliyash'a flexuosa (Montagu). 

Tx'oclnis hihaphus PowtII & Bar- 
trum. 

Tugali kaawacnsis Bartrum. 

Tiigali opuraensis Powell & Bar- 
tniin. 

‘ ‘ Turbo ’ ’ postulatus Bartrum. 

Turris ef. duplex Sutei*. 

Turrit (Va ef. huftoni Possiii. 
^'Turrit( lla sipnmctrica Hutton. 

Uh( r kaairainsis Marwdek. 

Pber prop(ovafus Marwii'k. 
*Y(nir i ca rd ia d ifji r ilis (1 )esh . ) . 

Vdunva rd ia horuali i n ( 7i s is 
I^owell & Bartrum. 

*y( n( ricardia hit (a (Hutton). 

Vf lu rk ardia { PU uromi ris) xnixi- 
isi uJa l\)well & Bartrum. 

IV ni ri( ardia p( nen ctangularis 
Powell & Bai’truin. 

IV ri ondla koruah ini nsis Powell 
& Bartrum. 

X^i nopliahum laau'ainsis Powell 
& Bart nun. 

Zegalirus crater Finlay. 


In addition to tlu' alxne, then* are ineluded also in the list of 
dt'terminations by T)i*. Marwiek (see Henderson and Grange, N.Z. 
(hid. Sure. Bull. No. 2S, 1926, p. 57) the followdno: s])ecies: — 


Aihon niinutissimus Murdoeh. 
Ahitlioi arabicula ^larwiek. 
"•Wtrina zdandica (Gray). 

(k rit]uo})sis aiquicincia Suter. 
^CorbuJa zdmidica Q. & G. 

Drillia ef. callimorpha Suter. 

'A hi rah us f ( == ]\Ian gilia ) sin da i ri 
(K. A. Smith). 

^Haliotis ef. iris Martyn. 


*Ijima sutiri Dali. 

^Myiihis canaliculus Martyn. 
Odostomia giorijiana Hutton. 
*()strca inigasi Sow'. 

^Nhizorvs^ Volvxilclla) reflexa 
(Hutton). 

Turris ef. himarginatus Suter. 
Zadys^ (-- Ccrithiopsis) acqui- 
cinefa (Suter). 


'rhe sliells on this su])plementary list have not been examined by 
the authors. It is ])robable tluit (im^alcxis shidairi of this list should 
bi* r(‘ferr(‘d to the new' species ngaiuturacxisis, and Pliizorns reflexa to 
the iKwv species manneki. 


tSee Hedley, Rec. Aiist. Mus.^ vol. 13, No. 6, 1922, p. 311. 
$See Finlay, Trans. N.Z. Inst., vol. 57, 1926, p. 437. 

$fSee Finlay, loc\ at., pp. 381-2. 
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If f*oii.sidcratioii be ^ivcn only to exact specific identifications, 
with the inclusion of unidentified types which are almost certainly 
extinct, the porportion of 'Recent forms in the fauna works out at 36 
per cent. If all probable Recent forms be included, it is 39 per cent. 
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Two New Species of Tertiary Chitonidae. 

l>y f!. E. li. BncKxiMi, L.M.S.S.A., Lotul. 

JHrtid h^'forr the Aitckland histitute, 29th .Vtirrh, 1U2H: received hi/ hJditor, 
•Ith April, t92S; tssned separately. 

May ,mh, 192S.^ 

(Plvvi: 32 .) 

Family (llYPTOrc INC^JIIDAB Jredale. 

Gonus (Jkyptocjonciius Burrow. 

Cryptoconchus marwicki n. sp. (li^. 1). 

Intermkdiatp valv(‘, ro^ilarly arched li'om sid(‘ 1o si(1(\ and in a 
lesser d(*fi:ree From Indore bac'kwai’ds. Tlu‘ anlral or dorsal area is a 
narrow longitudinal stri]>, rather wider at its roundt'd anterior end 
(where it ])i'oj(‘ets slightly into the anterior sinus), than at its po'v- 
terior eiid. It is stmlptured with <>‘rowt]i-1in(‘s only. Ylie pliural 
areas which commence in Front at about tlu‘ levcd oF the junction oF 
the antei’ior and middle thirds oF th(‘ central arc'a, are sculptured with 
mo]*e or less ovoid flatt(‘ned and Faint 1\ (‘xca\at(‘d prauul(‘s which are 
arranj^ed in the Form oF (‘loni»at(‘d triangles, eacli with a sin^l(‘ 
granule at the apex and a row' oF six at th(‘ lia.se. The I’^anainder oF 
tile plat(' ('Oust itul(‘s the arlkulaini ntam wiii('h is exmywliere radially 
rujJTOsely striat(‘d. It is divided on either sidi' into a lar<»’e anterior 
lobe and a small(*r ])ost(M*ior lob(‘, th(‘ two portions Ix'bijic S('])arat(‘d ly 
a stroll” 1\ marked recnirved rili. beuinniii” at the niiu'i’o and extend- 
ing outw'ards to the iiuMSura or marL!:inal notch on eitlier side; lliis 
rib pres(‘nts a uell marked ji^roove aloiijr tlu* outer lialf oF its ('ourse. 
The posiivior sinus is broad and straight. V(dvi -call us stroii”: on the 
\entral surFacs*, with a d(‘cid(‘d ”:roove corres])ondin”' to tli(‘ (‘xtiuaial 
rib and terminating in tin' solitarx slit at th(‘ margin. 

This speciiiu'n is tin' seventh plate, as compared xvitli Cryplo- 
eonehus porosus Burrow', but differs From that sp('(‘ii‘s in having* 
the jugal area broader in Front, instead oF being (Irawn out into a 
fine point; also in the more elaborate s(‘ulpture oF tiie ])leural ar(‘as. 

JTolotype in the (leologieal Survey (kdlection, 'Wellington: From 
the Fpjier Pliocene, FastleclilTF, AVanganui. 

I have named this species in honour of Dr. J. Alarwdck, to whom 
I am inucli indebted for his kindness in lending these spe(dmens 
to me. 


Family PLAXTPIIORIDAF Tredale. 
tienus fiTULDiNuiA Pilsbiy. 

Guildingia tutamoensis n. sp. (tig. 2). 

Interinodiato valve, almost smooth, slightly polished, and broadly 
rounded. Jugal tract faintly and roundly earinated, and hum'al 
areas demarcated by an ill-defined diagonal line. The whole surface 
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is minutely stippled, and there are two narrow parallel ooncentrii* 
bands of a deei)cr colour following? the anterior and lateral contour 
of the ])late. Tliese are quite distinct from gfrowth-lines, and wliil(‘ 
faintly depressed on the i)leural areas, are deeply impressed on th(‘ 
lateral arenas. 

The articulanientum being altogether missing in this specimen, 
there are neither slits nor sinus to aid in a more decisive classifica- 
tion. 


lIolotyp(‘ ill the (Teological Survey Collection, Wellington. 

‘‘ From Muddy (b*eek, Tutamoe Survey District, Waipu sub- 
division. Just above sandstone beds at junction of large southern 
tributary. (Mr. M. Ongley). The beds belong to th(‘ Ihungia Sfn'ies 
of Lower JVIiocene or Upper Oligocene Age’’ (J. Marwick). 

lieinarks. — The valve of Guihlmgia tviamoensis is so clos(‘l\ 
similar to those of the whole shell figured in Tryons Manual of 
Conchology Uol. 14, PI. 68, fig. 5 as the type of Plnxiphora hiramosa 
Q. and D., that I mentioned the fact to Mr. Tom IrcHlale, who 1 kir'w 
had examined the holotype in the Paris Museum. In reply he states; 
“It shows the caelata sculpture as you descril)e, l)ut it was worn and 
covered with corallines when alive and the scrajiing had minimised 
the sculpture, the artist neglected to show any.” 
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ri(. 1 — (U upt(Pi ondtus tminfuki n bp 
Holotvpf*, IJ nun \ 0 7") mm 



l''u» J — (Jnildinqiu t idftmoi nsis n si) 
Hol()l>pe, G mm \ 3 mm 


h^dte p ibi 
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Chemical Fogs. 

By H. 0. Askew. 

[iiiud hcfoic the Philosophicdl Institute of Canteihan/, ^nd Xovnuber, 
i('(etcc(l by Editor, Ulh Deeemher, 19^1; issued separatelu, 
Man .Wth, J92S.\ 


P,VRT 1. 

Formation. 

It has known for many years that during both chciiiieal and 
physical in'ocess(‘s mists or clouds were often i'ormecl. The clouds 
pi'oduced by physical means have beini especially W(‘ll studied in 
connection with condensation of water vapour on ions, from radium, 
or produced by thermal and electrical means; in this summary it is 
not proj[)osed to discuss ihesi* clouds (‘xcept so far as may bo 
necessary from the ])oint of view of th(*iV stability and the sizes of 
the particli’S of whi(‘h they arc composinl. But the methods of pro- 
<luction and the properties of clouds and mists proiluced during 
ch(‘mi(*al ])i*ocesses will be considered in ^ome detail. 

The first chemical fogs to be examined app(‘ar to ho those 
foiTued b\ th(‘ ac'tiou of ozone on \arious reducing agents. Foiiliei* in 
l<S7l> ( ){ ) found that ozom‘ was \ery active and that this actnit\ 
could not ))<‘ remo^ ed by liltratioii through cotton wool Meissner 
(17) in IS6)1 had alrc^ady found that the quantity of fog produced 
d(‘pend(‘d to a larg(‘ extent on the choice of the r(‘duciiig agent, c.g., 
solutions of potassium iodide or of sulphurous acid gave fogs 
when^as solutions of arsenites or of mercurous nitrate ga\e none, 
and an ('xplanation of this behaviour was sought on the basis of the 
reactions of the hyimthetical ant ozone. It is not lu'cessary to go 
into this discussion; it is sufiicient to stat(‘ that tlie ex])(‘rimeids of 
von Babo (li), Bugler (10) and others, sho\\ed tliat tin* fog prex^uc- 
ing agent existed in the gas only after passage through the reduc- 
ing solution. V^ui Babo said that this agent was hydrogen piu-oxide, 
i>ut Bngh'r showed that this Avas not always the case, since the 
dissolved materials in the fog-particles depended upon the reduc 
ing agent (un ployed, witli |)otassium iodideiodic acid, and with sul- 
])hurous acid sulphuric acid were formed. The reactions of ozone 
have lieen studied many times since, e.g. by Helmholtz and Richarz 
(14, 1.5), Townsend (28), and Rothmund (26, 27). All the work 
has shown that ozone will not give a fog with Avater alone, lint that 
a volatile substance Avhich may be oxidized to a stable non-volatile 
compound must be presimt. This explains RothmuiuFs obseiwation 
that merely passing the ozone oa\m* the surface of the liquid causes 
fog formation. The gas carries off some of the volatile material 
Avhich is then oxidized in the gaseous state, the substance thmi 
formed condenses A\dth the water vapour present to form the dis- 
crete jiarticles of the fog. Rothmund found that the radius of the 
particles of the fog was practically independent of the reducing 
agent. 
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It may be noted that the blue cloud (6) which appears rguiid 
ail electrical machine has been shown to be due proliably to 
hydrogen peroxide and not to oxides oi* nitrogen, although the 
latter may also be present certain eircumstanees, however, 

oxides oi‘ nitrogen can cause condensation with tlie resultant for- 
mation of a cloud. 

The dens(‘ clouds lormed when hydrogen chloride and ammonia 
interact have been studieil a great deal also. In this case practically 
all th(‘ work lias bemi concerned with the sizes of the particles or 
their elect)*ica! charges. Here we have the possibility of twm kinds 
of fog, ‘‘dry’’ and '‘moist according as the gasK‘s are dry or 
saturated wiih water vapour, before the reaction; they may also bo 
acid or alkaline according as excess of acid or alkaline vapour is 
used. It is to be expected that there wdll be a difference in the pro- 
perties of the particles according to the type of fog obtained, and 
this expectation is borne out as far as “dry and “ moist’' neutral 
particles ari* conc(‘i‘ned, especially in regard to case of absorption 
in liquids and to the sizes of tlu* particles; the “dry” fogs being 
absorbed better in salt solutions than the “ inoivSt ” ones although 
with i)ure whaler the o]>posite is the case (2^1, 24, 25;. For acid and 
alkalini' fogs very little data ar(‘ available. 11 is very unfortunate 
also tliat in all the investigations known to th(‘ present author i)i 
which these fogs or clouds have been examiiu'd, no analyses have 
been made. 

\k)latile organic bases “fume” strongly with hydrogen chloridt‘ 
va])our, e.g. pyridine, j)icoline, etc.; all give intense clouds when 
they or their solutions arc brought tuar the acid vapour (29). 

With sailphur 1rioxid(‘ there is also the jHxssibility of two 1y])es 
of particle, “dry” or “moist.” in this case the “moist” fog wdll 
really be a concent rat (‘d solution of sulphuric acid. The “dry” are 
well known technically and the xmoblcm of absorbing them com- 
pletely is very imi^ortant. Similarly the “moist” fogs are impor- 
tant b(*ing often troublesoiiu* in sulphuric acid concentration plants 
(13, 30). Sulphur Irioxide in the vapour state on being j>assed 
through water condenses to form a dense fog (7). The problem of 
the stability and absorjffion of th(‘se fogs will be considered 
later. The same remark as was made* for ammonium chloride has 
to be made concerning these fogs; no case has been found in the 
literature in wdiich partich' size and concentration of a(*id in the 
particles have been given together, and only one case has been 
found in which tin* composition and temperature of the vapour were 
given with the concentration of acid in the particles (see 13, 21, 23, 
24, 25, 30). 

Hydrochloric acid and nitric acid mists are also knowm tech- 
nically. Tlie former is particularly important because of the use of 
easily hydroiysable chloiades for cloud fornuition in chemical war- 
fare (12). Many of the best cloud-producing agents consist of such 
a chloride base. These acid “fumes” are well known in laboratory 
work also, and in some cases have caused slight difficulties in atomic 
w^eight determinations. Many determinations have been made of 
the particle size and electrical charge of these fogs, but again no 
analyses are available. When the “fumes” from concentrated 
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liyclroehloric acid mv examined it is found that the radius of the 
particles is about 5 x 10 ^ cm. (20), i.e., practically the same as that 
found by iiothmund (l.c.) for his ozone fo^s. But the formula 
which Rothmund uses cannot apply to these fogs as the particles 
must consist of concentrated acid. Even with the comparatively 
dilute solutions of acid in the fog iiarticles obtained in experiments 
of the present author, this formula (lo(‘S not appear to b(‘ of any use, 
and liere the partiel(‘s are niiicli larger, namely, 2 x 10 * cm. radius. 
Jlydi'obromic acid beliaves in a similar but somewhat more iiitensi- 
lied manner to liy drocliloric. its solutions “fume” more strongly ; 
the t)romid(‘s of w^eak bases arc also easily hydrolyzed with produc 
tion of a fog (5). 

It is well known that the amount of “fuming’’ is dependent 
on the w’aler vapour partial pressure of the gas in contact with th(‘ 
a(*i<l oi‘ tli(‘ chloi‘uli‘s (IN). An att(‘m])t has l)(‘en made to get 
quantitative data on this point, but, although the quantity of 
w'eighable “fume” appeared to increase as the pcrc(*ntage humidity 
increas(‘d (the temperature and partial pressure of the hydrogen 
chloride being constant), the results wei‘e not sufficiently definite to 
warrant tlunr lieing included here. 

There are numerous references in the literature to the produc- 
tion of clouds in th(‘ presence of radium or of ultra-violet light 
(4, 9). It is not necessary for watm* to be present, as the vapours 
oL many organic liquids w’ill also eoiuhaise under these conditions 
either in air or othei* gases such as hydrogen and carbon 
dioxide- In these ea.scs there is a considerable amount of 
evidenee to show’ that the presence of ions is not alway’S the eon- 
tri^lling lactor (1), indeiMl (hirie states (9) that the logs formed in 
the presence of radium A hav(‘ no eonii(‘et]on wdth th(‘ condensa- 
tion clouds w ith ions, (’uric* found that the pri'sence of compounds, 
sometimes due to tlu‘ use of ruhhm* stoppers, absorhahh' by water 
eaus(‘d tin* fogs to lx* much more intense. And Jones in 1925 (16), 
eoneliid(Ml tliat on illuiniiiatiou of moist halogcii-air mixtures fogs 
were only' formed when an oxidizable impurity w’as present. 

Townsend (28) has examined the fogs formed during elect- 
roiy’sis. II is r(‘sulls are discussed in a later section of this summary 
in eonjuiietion with the results of others (8) on the production of 
(‘le(*tri<*al eharg(*s in gases h.v bulihling through liquids. 

It is iiit (‘resting to examine the properties of atmospheric fogs 
in rdation to the explanations wliicdi have been put forw’^ard to ex- 
plain th(‘ir stability^ in unsaturated atmospheres. Because of this 
stability Frankland (11) has called such fogs “dry fogs.” But 
his explanation, namely, the presence of an oil film preventing 
evaporation (*aniiot be eonsider(*d correct. Neither can the lower- 
ing of vapour pressure due to dissolved materials be sufficient to 
allow’ the particles to exist in a very unsaturated atmosphere. 
Oving to the eomparativc'h' large diameter, 1. 4-3.5 x 10“ cm., of 
th(‘S(‘ particles the curvature of the surface can have' only a very 
small effect on the vapour pressure. 

Investigations have shown that even wdth so-called “smoke 
fogs,” that is, fogs which are made intense owing to smoke and acid 
fumes, the humidity of the air may be anything from 76 to 100 per 
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cent., although when the fogs arc dense the humidity is nearer the 
lower figure given (34). ‘‘Smoke fogs’’ generally exist in an at- 
mosphere less saturated than white “radiation” fogs. A short cal- 
culation will show that the amount of dissolved material in the fog 
particles is much too snmlJ to bring about a i‘eduction in vapour pri*s- 
sure sufficient to keep the j)articles in equilibrium with the unsatu- 
ratod vapour. Assuming that a fog contains 3.3 g. of water per cubkj 
metro (35), and that the maximum amount ot* sul])hur trioxide is lO.b 
mg. per cu})ic metre (33), it follows that the concentration of acid in 
the i)articles is only 0.4 per cent., which is. too small to have any 
apjmeciable effect on the vapour pressure of the droplet. 

It would appear that much more work is rc^iuired to be done 
licforc the stability of these fogs can be satisfactorily explained. 
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Adsorption in Liquids. 

The ease with which suspended matter may be removed from a gas 
has been known for many years to vary a great deal according to 
the substances in suspension. Indeed Schloesing in 1882 (12) even 
went so far as to say that it was easier to remove one constituent 
from a gas mixture than to remove suspended matter. Gibbs (7) 
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lias also drawn attention to this point in regard to the efficiency 
of gas masks. 

Tyndall found during his ex])eriinonts on optically pure air that 
dust motes of certain types were extremely difficult to remove; in 
many cases removal was possible by prolonged contact with con- 
centrated sulphuric acid, the explanation being that the acid re- 
moved th(» adsorbed gas film and probably even orought about tlio 
complete destruction of the particles (15, 16). The question of the 
removal of solid particles also played an important part in the 
developriumt of the exi)crimeiital work on the production of fogs 
^\ith ozone, since some observers considered that solid nuclei must 
have been present when condensation occurred, and others that all 
solid particles had been i*einoved by passage of the gas through 
washbottles, etc. 

On th(* technical scale absorption of fumes is very iniportaul, 
(‘Specially in the case of acid works, smellers and gas works (10, 
11,6,4). 

It has been pointed out ]>y Knietsch (9) that the ease of absorp- 
tion oi sulphur trioxide is dctermiiK'd to .some extent by the rate 
of cooling of the gases. The clouds formed by rapid cooling were 
much more difficult to absorb than those foJTiied by slower cooling. 
In the former ease the particles will l)e smaller and will eonse- 
quontly have a much great(‘r sp('eilie surface on wdiich adsorption of 
air may occur. This layer of adsorbed gas is pioliably the chief 
factoi* in dt'teriuining the (‘as(‘ of absorption oi the particles. And 
in th(‘ eontact pr()C(ss Ihe particles art* (Iry and very difficult to wet 
Reese (10) has illustrated this by passing air carrying sulpliur 
trioxide through two washbottles in S(‘ri(‘S, the iirst eontaiiiing 
dilute acid and the second concentrated; a fog not absoibed by the 
strong acid is fonued. If the order is reversed no fog is formed; 
showing that the strong acid apparently destroys the adsorbed gas 
film and thus peimiits wetting of the pai*ticl(‘s To take place. Remy 
(lib) has found that the pereeutage absorption of (contact) sulphur 
ti'ioxide in sul])huric acid of different concentrations runs parallel 
to the boiling point, a maximum being obtained in each at about 98 
per cent. acid. It has also been found that moist (i.e. containing 
sulphuric acid) fogs an* absorbed better in wMter than the dry fogs, 
probably because the protecting layer of gas in the latter ease 
I'mulcrs w"(‘tting difficult. For example Remy (11c) found that with 
a fog from which there* was absorbed 46 per cent, when moist, only 
7 per cent, was absor])ed when dry. But concentrated salt solutions 
absorbed the dry better than the moist (11a). When these fogs arc 
tested by other methods e.g. filtration, the results are not so simple. 
When xiassed through a filter paper 71 per cent of the moist fog was 
retained but only 36 ])(*!• cent, of the dry. When, liowever, the gas 
was passed through gas mask carbon 22 per cent, ol the moist fog 
and 82 per cent, of the diy fog were removed. In these cas(*s the 
explanation presumably is that the particles in the moist log arc 
larger than those in the dry, and consequently Their rates of diffu- 
sion arc much lower. 

Remy has also determined the amount of absorption taking 
place when these fumes are passed through alkaline solutions, both 
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in the presence of an indifferent gas (air) and of an acid gas (car- 
bon dioxide). He finds that in 20 per cent, potash the absorption is 
much lower thaji in pure water whether the log is dry or moist. 
When a 1 : 1 mixture of air and carbon dioxide is substituted for air 
alone a considerable increase in absorption occurs; but in this case 
it is necessary to rememl^er that as the bubbles of gas l)caring the 
particles pass through the liquid they will be continuously decreas- 
ing in size, and hence better contact with the solution will be 
obtained. The following table gives some of llemy^s figures 
(11c) 


Table 1. 


no. fog 
Moist 

If 

Dry 

if 

Moist (air only) 

„ (air:CO„l:l) 


OiiuMiCAL Fogs. 
Solution 
Water 

20 per cent. KOH 

MTiil 

20 per cent. KOH 
» » 

9f 99 99 


Per cent, absorbed 

46 

32 

8.5 

0.0 

62. 

80. 


In the last two experiments the fog was passed through five 
washbottles instead of one as in the previous eases. 

Washing the air from concentration plants with dilute soda ash 
solution is said (2) to remove the particles of acid quite satis- 
factorily, although this would not be expected from Remy s work 
given in Table 1. (See also 8). 

Ammonium chloride fogs have been examined by similar- 
methods and, in general, similar results have been obtained, except 
that the dry fogs seem to be absorbed more easily than the moist, 
probably because of their greater mobility. Caustic potash again 
causes a decrease in absorption, the dry fog being absorbed more 
easily than the moist (Ha, b, c). 

fn 1898 Wilson (18) carried out experiments with clouds con- 
sisting of fine particles produced by an air blast impinging on th(‘ 
surface of different solutions. Among the solutions which he used 
were HoSO^, KOH, NaCd, and the non-electrolytes sugar and gly- 
cerine. Not only these solutions but all in which a non-volatile com- 
pound was dissolved behaved in the manner described below. After 
formation the spray was passed through concentrated sulphuric 
acid and then through water; in the space over the acid no particles 
were visible, but in the space over the water the cloud reappeared, 
except with a distilled water spray. The explanation of this 
behaviour is that the water is removed from the particles by the 
strong acid leaving very small solid nuclei which are too small to 
give a visible cloud, but which on again coming into contact with 
water can by reason of their hygroscopic nature cause condensation 
to occur and hence the reappearance of the cloud. Wilson found 
that hydrochloric ttcid below 5 per cent, and acetic acid did not 
give the above results. The density of the clouds in the flask con- 
taining the water was apparently proportional to the molecular 
concentration of the dissolved material and was equal for equal con- 



Askew. — Chemical Fogs. 


Ill 


centrations of the different substances, although a considerable 
change in the concentration had to be made to produce an appre- 
ciable change in the density of the fog. After electrification this 
re-appearance of the cloud could not be obtained, although the electri- 
fication was not removed. This would show that the charge remains 
on the nucleus after evaporation of the moisture, as is to be ex- 
pected from the results of Gallrotti (quoted in 5), and owing to the 
slow diffusion of the nucleus the charge is not lost. 

The above experiments show why ozone fogs behave as 
did AVilson’s sprays after drying and subsequent contact with water 
vapour (28). 

Now although the above experiments have shown that absorp- 
tion by bubbling is very incomplete, no information is given as to 
what effect passage through liquids has on the composition of the 
particles. The change in particle size has been investigated (lib) 
for the above mentioned fogs and is considered in a later section 
of this summary. Some experiments by the present author have 
shown that even by passing a fog through one washbottle a very 
considerable change in the concentration of the dissolved material 
may be effected. A 50 per cent, (by vol.) alcoholic soda solution 
(1.24 N) was employed for generating a fog with hydrochloric acid. 
When the resulting fog was passed through a washbottle, according 
to the rate of passage of the gas, the absorption of th(‘ fog varied 
between 72 and 44 per cent., the higher figure being obtained with 
a narrowei* jet and a slightly lower rate than the lower. The most 
noticeable effect was, however, the reduction in the acid concen- 
tration of the fog i)articles. This was reduced, according to the 
conditions of the (‘xperiments, from 5.1 and 4.5 per cent, to 20 and 
l.G pel* cent, respect i\ely. Since only about half of the particles were 
retained by the solution, tlu‘ above reduction of acid mUwSt have been 
caused by condensation of vapour on to the particles with consc- 
(juciit increase in size. No definite exjierimeiits are however avail- 
al)l(» to sliow whether it is so, but Jiemy’s experiments would indicate 
this; nor were analyses made of these' fogs to see if this condensa- 
tion vas preferential i.e., whether alcohol or wat('r was the more 
easily condensed. It is hoped that this question wnll lie examined 
more fully at a later date. 

Allied to this question of absorption is that oi methods of 
filtration of clouds and smokes. Owing to the very small particles 
filtration presents many difficulties. The best methods for the re- 
moval of very small particles appear to be thermal filtration (3) 
and electrical precipitation. Tolman has found that even the small 
particles of tobacco smoke are readily removed. In a temperature 
gradient the particles ahvays move tow^ards the cold end 0) ; conse- 
quently in Tolman experiments the smoke particles were deposited 
on the cold tube of the filter. Electrical precipitation is not con- 
sidered further in this paper. 

In chemical warfare the removal of the particles of smoke and 
gas screens from the air before being breathed is very important. 
It has been found that there is a minimum efficiency for a filter at a 
certain size of particle, i.e., the filtration is more perfect with par- 
ticles smaller or larger than this critical size (7). 
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Toliuan has put forward a theory which explains such a result 

(13). As the particles pass through the filter they will be subjected 
to many changes of direction and hence will in many eases be 
violently thrown against the walls of the small pockets in the filter 
material. Some of the particles, especially if very small, will 
diffuse to the walls and be retained; but some larger ones will not 
readily diffuse to the walls and yet will not ])e vigorously thrown 
to the walls by the eimtrifugal force. Large particles will be re- 
moved by C(*ntrifugal action. Hence the theory requii’cs, as is found 
in practice, that tlu' (efficiency of a filter should pass through a mini- 
mum as the radii of the particles vary. 

For a given material the efficiency of a filter varies with the 
density of packing. If long fibres are loosely packed a much more 
efficient filter is obtained than if shoit fibres are tightly ])acked. In 
accordance with this fact, the pres(mt author has uschI '‘woolly 
asbestos^' loosely packed for the filtration of fog parti(d(‘s for t*sti- 
iiiation and analysis.. 

Hemy (lie) has filteivd sulphur Irioxide (or sulphuric acid) and 
ammonium chloride fogs, both in the dry and moist state, through 
various materials. The great differences between gas mask carbon 
and, say, filter paper fs ])rought out. For the dry fogs, and thus 
with smaller i)artieles, with ammonium chloi’ide the ear))on is as 
efficient as filter paper, while for suli)hur trioxidc tlic former is the 
more (efficient; but for moist fogs in cacdi case the filt(‘r paper is 
much the more efficient. The caiLon ow(‘s its efficiency hugely to 
the diffusion of the particles, and diff’msiou is much more rapid with 
the dry particles; the filh^r paper is more (‘fficient Jbi‘ moist fogs 
because of the larger sizes of the particles in such cases. 

In connection with Remy’s experiments on th<» filtration of sul- 
phur trioxide, it is iiilercsting to note that W(»ber (17) has used 
ordinary filter paper’s for removing tlic particl(*s of sulphur trioxide 
(sulphuric acid) from a gas stream in quantitative (experiments on 
the amount of acid carried oft* in technical gases. 
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Paut 2 : Experiments. 

Acid Chlorides. 

The experiments described in this paper have been carried out in 
order to find tJic cause of the production oL‘ a foj^ when a stream 
(*arryin" phosgene, after previous passage over charcoal, active or 
inaclive, was bubbled through a solution of alcoholic soda. This fog 
occurred only when the charcoal had adsorbed so large a quantity 
oi’ i^hosgene that measurable amounts passed through with the air.* 

Numerous ex])eriments have shown that this fog is not due to 
])h()sgcnt‘ itself but to hydrochloric acid formed by the hydrolysis of 
llie former by moisture in the charcoal. Although essentially the same 
method of testing charcoal for the adsorption of })hosgene has been used 
by others (Fieldnei* r/ al. J.1.E.C, 1919 77, r)l9), no previous record 
of the production of these fogs is known to the i)resent author. 

Paralhd ex])(Mdments with j)hosphorus oxychloridi‘ and hydrogen 
<‘hloride have also been carried out, all of which led to the conclusion 
that the fog was j)i‘()duced only when free hydrogen chloride occurred 
in the gas, and, moroov(‘r, only when free alkali w’^as i)reseiit : when- 
(‘V(‘r 1h(‘ solution wms fre(‘ from alkali, whim using phosgene, only a 
very thin fog or none at all was obtained, and wdien using hydrogen 
chlorid(‘ no fog was ev(M’ o])tained. Alcohol w^as not necessary as fogs 
w^ere formed with aciueous solutions, hut wdien a liquid such as 
alcohol, acetoiK*, or ether was present also, the fogs f)roduced WTre 
much more dens(‘. 

Th(' (*oncenti*ation of the hydroehhu’ic acid in the fog i)articles 
was relatively large, and was, moreover, remarkably (*onstant for a 
given solution, even wdien the rate of liuhbling and size of jet 
enijiloyed varied between somewhat wdde limits. In oO per cent, (by 
vol.) al<'oholi(* solution this concentration was 5 jier cent., in aqueous 
solutions it was somewliat higher, namely, 8-10 per (*ent. 

Uy expmdmenting with diffeivnt siz(‘d jets it has been found that 
in geiun-al in aqueous solutions the fogs are denser the gi’eater the 
radius of the j(*t, but in the alcoholic solution the opi)osite is the case; 
increasi' in tlu* I’ate of ])assage of the gas alw'ays increased the amount 
of fog. 

Experiments in wdiich the fog formed in one solution vessel was 
carried by the gas str(*am into a second have shown that the radius 
of the jet in tin' second vessel was important in governing the amount 
of fog absorbed. Quantitative experiments have showui that not only 
Avas the amount of fog in the second vessel altered, hut also that the 
conc(‘nti*ation of the acid in the ])articles changed considerably. 

Experimental. 

The Phosgene w^as ])urifi<'d by the methods of Reeves {J.S.C.L, 
1924, 43, 279T), namely, either by passing the gas through very 
dilute ])otassium iodide solution or by shaking wdth mercury, while 
in some cases a combination of both methods Avas used. The gas Avas 
then dried by passage through a column of calcium chloride and 

’^This phenomenon was noticed during the War by Prof. J. C. Philip, but 
was not further examined at that time. 
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stored over mercury: the pure dry phosgene did not attack the lucr- 
(*urj\ The head of a gas burette was fitted witli a three-way tap, one 
branch of which was connected with the system of flasks. This out- 
let tube had a further three-way tap by means of which the gas could 
be passed either through the charcoal tower and through a mixing tube 
or direct to this tube and thence to the absorbing solution. Dry air 
was drawn through the other outlet tube of the burette and mixed 
with a definite (piantity of pliosgene vapour. This mixed gas contained 
one per cent, by volume of phosgene. 

Phosphorus oxychloride vapour was freed from chloride and 
hydrogen chloride ])y passage over zinc dust and then dried by calcium 
chloride. Air carrying the vapour could pass either through the char- 
coal or direct to the solution. 

Hydrogen chloride va])our was obtained by passing dry COg free 
air through the concentrated acid followed by drying of the mixed 
gas with calcium chloride : Frequent renewal of the acid was necessary 
owing to the rapid reduction in the partial pressure with slight 
decrease in concentration in the liquid. 

The charcoal chiefly used was an active one in thin flakes, and 
was used in both its ordinary state of equilibrium with the atmo- 
sphere and its well-dried state. It gave, on analysis, moisture (loss 
at 160°C.) 13.54 per cent., ash 3.39 })er cent. Before being used for 
the experiments the char(*oal was saturated with the pure dry chloride 
vapour, dry air being tlien drawn through foi* a time to remove excess 
vapour. 

The soda solutions were made uj) from sodium hydroxide "'ex 
sodium by dissolving a weighed amount in Avater and precipitating 
the carbonate present by a slight excess of bar>ta. After settling 
the clear liquid was decanted off. The alkaline solutions of the 
organic compounds used wei*e made up by volume; for the more 
dilute solutions dilution Avas carried out vlitH aqueous soda of the 
same concentration. In all cjises the soda was apj)roximately 1.25N. 

The jets had their tij)s ground scpiare and w(*r(' chosc'n from a 
number for the regularity of tlieir diamedtu’s and Avail thicknesses. 
The internal radii were measured A\dth a travelling microscope. 

. The terui de])th of liquid’' used later reiers to the distance 
between the tij) of the jet and the surface oF the solution. 

Ill carrying oul an experiment the mixed gas was led, cither after 
passing through a column oF chaiT'oal or direct through one (or two) 
washbottles containing the alkali solutions, any fog that was formed 
being filtered out by '‘woolly asbestos’' placed in a stojiix^red U-tube 
which was weighed before and after an experiment. This arrange- 
ment was found to form a very efficient filter (for the practice and 
a theory of filters for fogs see Tolman et al. {J. Am. Chenu Soc., 1919, 
41 299). After a given volume of gas had been drawn through, the 
apparatus was flushed out with air. Blockage of the tips of the jets 
by sodium chloride sometimes occurred, particularly when the 
stronger alcoholic solutions were used. 

In a number of (*ases tiie chloride in the absorjition flasks Avas 
estimated whence the original partial pressure of the hydrogen 
chloride (when this was used) could be calculated. The asbestos 
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holding the log was removed and it and the tube washed out with 
distilled water the acidity and the total chloride being then estimated 
with alkali and silver nitrate respectively. No estimations have been 
made of the quantities of the organic compounds which condensed 
from the vapour during the formation of the fogs. 

Since asbestos adsorbs considerable quantities of water and 
alcohol (ether etc.) vapours air from a solution of the same composi- 
tion as that in use for a given set of experiments was drawn through 
the asbestos tubes until equilibrium was established. The importance 
of this precaution is shown by the following figures: solution used, 
1.24N Na OH in 50 per cent, (by vol.) ethyl alcohol, the weight of 
vapour adsorbed by one gram of asbestos was 12.1 mg. at 24° C. 

QrAiiiTATivr. Experiments. 

Undried Charcoal: On passing a one per cent, phosgene-air mix- 
ture through the column of charcoal and then through the alkali solu- 
tion a fog was formed, the density being dependent on the time of 
contact of tlie phosgene with the charcoal, and also on the composition 
of the liquid. Solutions containing ethyl alcohol, amyl-alcohol, 
ac(*tone, formaldehyde and ether gave intense fogs especially when 
(*onsiderable amounts of those compounds were present. Glycerine 
gave only thin fogs of about the same density as those from the simple 
aqueous solution. With the former licpiids a large range of densities 
was obtained from very Mhite fogs opaque in a thickness of a few 
millimetr(‘s down to those aparently not more dense than the fogs 
from the simple solution. 

In all cas(‘s, except in the simple acpieous solution, no free phos- 
gene was found in tlu' air after tin* particles were filtered out, pro- 
vided that allvali was fmesemt. This is rather remarkable in view of 
the difficulty of obtaining com])lete absorption even in concentrated 
aqueous solutions (Reeves, l.c,). Only a trace of alkali was necessary 
for fog formation to begin with any of the solutions. 

It was noticed in all cases when fogs were formed that the iras 
in tlie mixing tul)e had a shar]) smell quite different from that of ]nir(' 
phosg(*ne; indeed, it w^as that of liydrogen chloride. In order to 
r(‘move any free acid which might be jiresent in the gas, some small 
glass tubes w'cre l(K)sely tilled wdth chloride- free zinc dust. iVs an 
extra pre(*autioii that no hydi’ogen chloride should (mt(‘r the charcoal 
one of these “zinc tubes w^as ])laced immediately before it. It was 
found that during an experiment the tube in front of the charcoal 
remaiiKHl (‘ool and dry, while a similar tube i>laccd after the charcoal 
became warm and the zinc dust moist and sticky. On washing out 
the zinc wdth water and testing for chloride, the former tube gave 
only a small precipitate (due to adsorbed phosgene) while the latter 
gave a copious precipitate. 

When the second zinc tube w’as in use no fog was ever obtained ; 
by rapidly changing the tubes while the same gas mixture was passing 
it w^os shown that the presence or alisence of the first zinc tube had 
no effect on the formation of fog only the second being of importance. 

These results led to the conclusion that free hydrogen chloride in 
the gas was the cause of the fogs; this chloride could coane only fi’om 
the ])hosgenc by hydrolysis during its contact with the charcoal. 
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Phosphorus oxychloride vapour gave similar results to phosgene. 

When hydrogen chloride was used, the first zinc tube always 
became hot and the second remained cool. In this case no fog was 
ever obtained. But if the ‘first were omitted, then the second became 
hot, but no fog appeared. It was only when botli tubes were omitted 
that any fog was obtained. The conclusion was that free hydrogen 
chloride was the cause of the fogs. 

Dnj Charcoal : Two se])arate lots of the same sample of charcoal 
as was used in tlie experiments described abov(‘ were dried in an air 
oven by constant wenght. The whole apparatus was then carefully 
dried. 

In all experiments using phosgene or phosphorus oxycliloride all 
the zinc tubes remained cool and dry and no fogs were formed ; also 
these gasies af)pcared in quantity in the mixing tube after passing 
through the charcoal, there being now no trace of hydrogen chloride. 

When hydrogen chloride was em])loyed, copious fogs were formed 
whenever the zinc tubes were omitted. 

These experiments confirmed the conclusion drawn from tlu‘ 
previous ox()eriinents. 

No Charcoal Used : Phosgene vapour, either pure or mixed with 
air was passed through the liquid either with or wdthout alkali. In 
the absence of alkali, absori)tion w^as incomplete, but no fog appeared 
in the first nrashbottle, although in a few eases a very thin fog was 
formed in the second. In the alkaline solutions except simple 
aqueous, absorption was comi)lete and no fogs w^ere formed. 

Phosphorus oxychloride under similar conditions also gave no 

fog. 

Hydrogen chloride, in all ca.ses where alkali was pi*(*scnt, gave 
fogs. The dense fogs readily ])assed through the second washboUle, 
the reduction in deasity being the greater the narrower the jet. Thin 
fogs were oftem almost completely absorbed in the second flask. A 
layer of benzol on the surface of the alkali solution had no apparent 
effect on the density of the fog. 

In all the experiments described above, it was shown by using 
a number of glass wool and asbestos filtering plugs in different parts 
of the ai^paratus that dust particles were not acting as nuclei on 
which condensation could take place, since these plugs had no effect 
on the quantity of fog obtained. 

Quantitative Experiments. 

Fog from the phosgene-air mixture was collected after having 
passed through the second wash-bottle (alcoholic soda being used 
as absorbing solution), and on analysis gave: weight of fog per litre 
of air, 5.8 mg. ; hydrogen chloride in the particles, 1.46 per cent. It 
will be seen later that the composition of this fog is, within experi- 
mental error, the same as that obtained under similar conditions wdth 
hydrogen chloride. 

With hydrogen chloride a number of experiments with both 
alcoholic and simple aqueous solutions have been carried out. 

In Table 1 are given some results obtained with a strong alcoholic 
solution. It will be observed that the concentration of acid in the 
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particles remains almost constant. Approximately 3.2 per cent, of 
the tc*al chloride carried by the f?as stream appeared as fo^. All 
weigMs of fog are given in mg. per litre of air. 

jylien the fog formed in the first flask was carried thtough a 
secona before the gas waa filtered, not only did a reduction in density 
occur, but the concentration of acid in the particles was much reduced 
also. In the column headed ‘‘original fog’' in Table 2 are given the 
quantities (some of which were obtained by extrapolation from other 
data ) which are formed in the first flask under the conditions speci- 
fied, and under “per ccntage absorption” the per centagc of this fog 
which is absorbed by the second washbottle. 


Table 1. 

Solution: Ethyl alcohol 50 cent, (by vol.) with NaOH 1.24N. 



Temp. 

22— 24‘»C. 


lladluM of 

Ruto 1 

Fok 

HCl 

Jot mm 

< c /min 

mi? 

Ter Cont 

1 

o.«o 

167 

142.8 

6.06 

OHO 

1 167 

144 5 1 

1 6 10 

0 60 

187 

164 0 

5.28 

0.99 

167 

137.5 

1 4 92 

0.99 

168 

141.5 

5.00 

0.99 

I 

159 4 

4.58 

1.66 

1 190 

1 

139.2 

1 4.53 

1 


The data given sliow how much more effective is the narrower 
jet in reducing both tlie density of tlie fog and the acid concentration 
in the particles (compare Table 1 ). 


T.vble 2. 

Solution: NaOH 1.24N in 50 per cent (by vol.) ethyl alcohol. 

Temp.: 23®C. 

The symbols 1 and 2 refei* to the first and second washbottles respectively. 


aiUlitlK 4>t 
lot mm 

1 2 

Rflto 

1 0 0 /min 

I Ori|?inal 

1 For 

1 mi? 

For 

IWR 

Per Centaire 
Absorption. 

i 

HCl 

Per Cont. 

0 60 ' 

0 60 

0.90 

0.99 

200 

219 

172 

187 1 

89.2 
105. 1 

48.6 

43 9 

1.99 

2.00 

1.66 

0,60 

200 

U5 1 

40.8 1 

71.8 

1.59 

1 


The whole of the reduction in density can not be attributed to 
the influence of the jet as an unknown amount settles out on the 
sides of the flasks and on the walls of the tubes through which the 
air passes. 
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With aqueous solutions experiments in which the depth of liquid 
was varied h^ve been carried out. The flasks in which the acid was 
absorbed were of such dimensions that using the same volume of soda 
solution in each case (in order to keep the concentration gradient 
constant) the different “depths” of liquid could be obtained. In 
some cases only a small quantity of fog was formed, so that the 
analyses are perhaps not very accurate, this being the reason for the 
high per centages of chloride pven for some of the fo^. 

Prom the results given in Tables 3 and 4 it will be seen that 
with a given jet in every case the quantity of chloride escaping 
absorption and of fog formed increased as the rate of passage of the 
gas increased. 


Table 3. 

Solution; 1.26N NaOH. 

Depth of Liquid. 3.75 cm. Temp.- 20 — 23“C. 


Kadlns of 

1 Rate 

For 

HCl 

Jet mm 

c c /min 

mg 

Per Cent 

1.32 

194 

1G.7 

98 


190 

16 8 

9 5 


1 174 

13 3 

11 2 


174 

13 1 

10 3 


t 160 

11 3 

no 


148 

1 1 

13 2 

1 

1 08 

1 

1 195 

19.7 

1 9 5 


185 

19 1 

9 7 


170 

17 2 1 

1 10 0 


154 

1 12 7 

11 1 


I 140 

! 1 

1 ^ 

0 81 

m 

24 9 

9 9 


194 

24 2 

99 


167 

19 9 

94 


163 

19 2 

10 0 


loO 

16 2 

97 


141 

12 7 

9 6 

1 

138 

12 2 

9.1 


The jets did not behave alike, however; for at 3.75 cm the 
quantity of fog and of chloride at a given rate increased as the radius 
of the jet decreased, while at 7.4 cm. the opposite was the case. At 
an interaiediate depth, 5.25 cm. the quantity of fog formed at a given 
rate with the two narrowest jets was almost independent of the 
radius. 
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Solution: 1.26N NaOH. 


Depth of Liquid: 

7.4 cm. 




Temp.: 21— 23‘’C. 

RadhM 01 


Bate 


1 

POff 


HCl 

Jet min. 


c.c./min. 


1 

m^. 


Per Cent 

1 81 


196 



28.3 


10 7 



194 



28.4 


9.9 



167 



24.5 


10.0 



160 



23.1 


10.0 


_ 

143 



21.7 


80 

1.82 


194 



27.0 


9.8 



186 



26.6 


9.8 



178 



25.0 


9.3 



160 



21 5 


9 2 



186 



18.8 


9.4 

1 

1 08 


200 

1 


26 8 


8.9 



186 



24 9 


<) 1 



172 



28.1 


9.5 



167 



23.1 


84 



151 



20.8 


8.7 

1 


18S 



19 1 

1 

8 1 

i 

081 j 


200 

1 


24 9 


‘ 7 9 



182 

1 


23 4 


8.5 

1 


167 



22 0 


8.4 

1 


160 



21.2 


7.8 

1 


U5 



19 2 


67 


When the data given in the above tables were graphed, plotting 
mg. of fog against rate of passage of gas, it was found that at 3.75 
ein. all the lines were eurved, but that at 7.4 eni. there Avas a transi- 
tion according to the radius of the jet from practically straight lines 
10 lines with a distinct curvature. The lines for 5.25 cm. had a very 
decided curvature, but were intermediate in shape between those cor- 
responding to the other depths. 

It is also seen that the concentration of acid in the particles 
remains very steady, especially for the fogs formed at the greater 
depth of liquid ; in this latter case the concentration is slightly lower 
than that for the shallower liquid. 

When the aqueous solutions are used only 0.8 to 1.5 per cent, of 
the acid vapour originally present in the gas stream escapes absorp- 
tion, but the concentration of acid in the particles is considei-ably 
higher than with the alcoholic solution. 

In Part 3 the partial pressure of the w^ater vapour in the air 
in contact with the fog particles will be considered. 

All the experiments described above had been caridcd out using 
an inverted jet,'* that is, used in the same manner as the inlet tube 
of an ordinary washbottle. It was desired to calculate the time of 
•contact of the bubbles with the solution, but owing to the manner in 
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which the bubbles formed and left the glass tip this could not be 
done with the desired accuracy. Experiments made with ‘‘erect 
jets/’ and described in a later paper, have, however, made this 
calculation possible. 


Part 3. — The Absorption of Hydrogen Chi^oride and Bromide 
IN Alkaline Solutions. 

It was shown above that hydrogen chloride vapour was incom- 
pletely absorbed in alkaline solutions, the unabsorbed portion condens- 
ing above the surface of the liquid to form a fog. In this paper 
are described experiments made using aqueous alkali solutions, and 
varying the factors whicli had previously been found to affect the 
quantities of fog formed. 

1. In all the following experiments the jets have been used in 
the “ erect” position. These jets were chosen from a number for 
their regularity of radius and wall-thickness; the internal radii of 
those used were 1.81, 1.32, 1.08, 0.82 mm. respectively. The volumes 
of the bubbles formed at the tips of the jets, and the velocities with 
which these bubbles rose tlirough the liquid were also determined. In 
Table 1 are given the relevant data. 


Table 1. 


Internal 

Radius 

mm 

1 Rise of Bubble 
Second x 10- 
1 Per Centimetre 

Volume of 

Bubble 1 

cc X 102 1 

(Calc ) Radius 
of Bubble 
mm 

1.81 

3.95 

8.8 

2 76 

1.32 

3.78 

6.0 1 

2.43 

1.08 

3.74 

5.5 1 

2.36 

0.82 

3.60 

4 7 1 

2.24 


From the above data it is possible to calculate the times of con- 
tact of the bubbles with the solution when the rate of passage of the 
gas and the depth of liquid are varied. Since the bubble volume was 
determined at a fairly fast rate, for the purpose of these calculations 
it has been considered as being independent of the rate of passage 
of the gas. 

As a source of hydrogen chloride, concentrated hydrochloric acid 
wius used. Two washbottles were placeld in series in a thermostat 
at 25.0°C. and purified air from a reservoir under a pressure of al)out 
18 inches of water (kept constant by a water valve) was passed through 
the acid. The mixed gas then passed after drying and filtering 
through several centimetres of woolly asbestos in which a thermo- 
meter was placed, to a three-way tap and thence through the jet to 
the vessel containing the alkali solution. Air alone could be sent 
direct to the above three-way tap by means of another tap. This was 
often required for flushing out fog still remaining in the absorption 
vessel after the desired volume of air had been collected in the aspira- 
tor. The fog was filtered out of the air by woolly asbestos as pre- 
viously described (Part 2), the moist ait* then passing through twa 
raCl..> tubes. The dry air then passed by a manometer through a con- 
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slant pressure apparatus to the aspirator. The levels o£ the liquid 
in the manometer were kept the same during an experiment. In 
eases of difficulty in getting this setting, the constant level apparatus 
was set in operation^ water entering until atmospheric ])ressmre ^\as 
restored; the volume of water which entered was deducted I’rom the 
volume of water run out of the aspirator. The rate of outflow was 
checked by a stop-watch in all coses. A filter-pump was ari'aiij>ed 
so that it could be used for suction from the aspirator, and when this 
was not desirable the air to be pumped into the reservoir entered 
through an inlet on the pipe-line. The different absorption vessels 
were of such sizes that by always using the same volume of solution, 
depths’’ of liquid of 7.5, 5.5, 3.7 cm. respectively were obtained. 

To carry out an experiment the thrc'^-way taps are opened, so 
that air only passes through the jets. It is very impoidant to have air 
passing through while the solution is being i)oured into the' absorp- 
tion vessel, else liquid enters the jet. After the liquid has all been 
poured in, the taps are turned off until a bub])le of air remains on 
the tip of the jet. The acid gas is then allovred to ])ass in at a rate 
regulated by a tap on the aspirator. The thermometer in the inlet tu])e 
gives the temperature of the gas mixture (practi(‘ally air ttmipera- 
ture) and a thermometer in the solution the temperatures at 

tlie beginning and end of an experiment. 

AVhen the erect” jets were first used difficulties w(*re encoun- 
tered, owing to the working-back of the liquid into tlie l)arrel of the 
jet and thence to the inlet tap, but by coating the inside surfac(‘s of 
the jets with paraffin wax this was obviated. The tips of the jets 
were cleaned, so that a glass surface was exposed for the formation 
of the bubbles. 

The alkali solutions, whether of sodium, ])otassium or barium 
hydroxides, were free from carbonate. 

In all cases the partial pressure of the liydrogen (dilori le is 
taken as 130 mm Although no difference in the amounts of fog 
formed under similar conditions from moist or dry gas were found, 
in all cases the gas was dried by calcium chloride. 

The fog was analysed by the method previously given. The 
“partial pressure” of the hydrogen chloride given in the tables has 
been calculated by taking one mg. of hydrogen chloride as giving 
a pressure of 0.5014 mm. Hg. at 20^C., or 0.5098 mm. at 25^C. 
From the increases in weight of the calcium chloride tubes, assuming 
that water vapour obeys the gas laws, the partial pressures giv^eii in 
the tables were calculated. 

In all cases per cent. H Cl ” refers to the pe)*centage of aci 1 
by weight in the fog particles. All weights of acid and of fog arc 
given in mg. per litre of air used. The amount of free acid in the 
imrticles has been determined in each case as a cheek on the silver 
titration, but is not given in the tables. 

Owing to the variation of the amount of fog formed with change 
in concentration of the alkali, it was necessary to use the smallest 
possible volume of air in the experiments in which the “rate" was 
altered. Two litres has been adopted as standard, as with this volume 
the concentration has not been too greatly reduced and a weight of 
fog sufficient for analysis has been obtained. 
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(a) The necessary presence of alkali: It has bceu repeatedly 
observed that in neutral or acid solutions of salts, dyes and colloids, 
and in distilled water no fo^ are formed under the conditions of the 
present experiments. This is clearly shown also in the data obttiined 
when the effect of alkali concentration on fog formation was being 
studied — ^immediately the solution became acid, fog formation ceased. 

A number of salts of weak acids were examined also. Solutions 
of the following (in normal solution generally), sodium acetate, bicar- 
bonate, disodium phosphate, potassium dihydrogen phosphate, mid 
sodium biboratc gave no fogs. Thin fogs were obtained with sodium 
carbonate (IN), and good ones with trisodium phosphate (IN). 
These results show that a certain hydroxyl-ion concentration is re- 
quired before fog formation begins. 

(b) Alteration in radius of like jet and in the depth of the liquid : 
In practically every case an increase in the radius of the jet causes 
a greater production of fog. It would appear that at about 5.5 cm. 
depth the production of fog is at its maximum, for here the two 
widest jets give considerably more fog, especially at the higher rates, 
than at either 3.7 cm. or 7.5 cm. With the narrowest jet, there is 
comparatively little difference in the amount of fog produced at each 
depth of liquid. With the other jets there is a tendency for less fog 
to be produced at 3.7 cm. than at 5.5 cm., or 7.5 cm., especially at 
the higher rates, although the variation is only a few milligrammes 
per litre of air. 

i\s is noted later, the concentration of acid in the particles is 
greatest at 3.7 cm., so that the weight of hydrogen chloride escaping 
absorption decreases as the depth of liquid increases, except for the 
two widest jets which show maxima at 5.5 cm. On plotting the data 
obtained, it is found that as the depth of liquid increases and the radius 
of the jet decreases, the amount of fog formed, and especially the 
weight of acid vapour escaping absorption tends to varj' linearly wdth 
the rate of pa.ssage of the gas. 

(c) Alteration in rate of passage of the gas: In all cases any 
increase in the rate of passage of the gas causes an increase in the 
amount of fog formed. With the simple aqueous solutions, in general, 
this increase is not a linear function of the rate. There is evidence 
that below a certain critical rate the fog production falls off very 
rapidly, but owing to experimental difficulties, when only small 
quantities of fog are obtained, it is not certain whether this critical 
rate exists for solutions containing no colloid or dyestuff. 

It may be stated here that the fog formation is not due merely 
to the comparatively rapid rates at which the gas is bubbled through 
the solutions, for with gelatine, etc., solutions, a thick fog is formed 
when only one bubble every one or two seconds passes up through 
the liquid. ‘ 

As an example of the results obtained when the radius of the 
jot and the rate were altered, in Table 2 are given data obtained when 
a 1.26 N sodium hydroxide solution was used. 
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Table 2. 

Depth: 7.6 cm. 

Air Temperature: 20 — 23 ®C. 


Bndius o£ 

ttnte 1 

1 Foe 

1 

H Cl. 

I’art. Press. 

Part. Press 

Jet mni. 

c c./min. | 

mg. 

per cent. 

H Cl. 
nun. 

H,0 

nun. 

1.81 

200 

42.6 

9.23 

1.99 

21.1 


198 

42 0 

9.22 

1.94 

16.6 


189 

39.5 

9.61 

1.91 

20.7 


1 170 

36.6 

9.27 

1.68 

23.3 


1 154 

31.0 

9.24 

1.44 

16.6 


1 123 

23 9 

9.18 

1 1.12 

21.6 


1 108 

i 

16.7 

9.68 

0.81 , 

16.7 

1.32 

210 

45.9 

8.70 

2.00 

19.9 


208 

44 8 

8 70 

1 96 

18.0 


181 

37.9 

8.99 , 

1.71 1 

19.0 


172 

36.0 

8.18 ' 

1.48 

19.3 


160 1 

31.8 

I 8.26 1 

1.32 

20.0 


125 1 

23.6 

8.30 

0.99 

20.2 


110 

1 

19.7 

8 66 

0.82 

18.2 


(d) Alteration in concentration of the alkali: A large number 
of experiments have been made in which the same alkali solution has 
been used until completely neutralized. As shown by the representa- 
tive data in Table 3, the weight of fog formed has been determined 
after tlie passage of each litre of air through the solution. In all 
cases the fog production falls off as the alkali concentration decreases. 
As soon as the solution becomes acid, no more fog is formed 

Table 3. 

Solution: 1.264 N Sodium Hydroxide. 

Temperature: 20— 22®C. 


Depth of 
ijquld 
cm. 

Tiate 

cc./inin 

1 Litres 

1 of 

1 Air 

1 Radius of Jet. 

j 1.82 mm. 

0.82 nun. 

3.7 

220 

0.5 

26.1 

! 20.0 



1 

27.6 (1.1; 

19.4 



2 

; 35.2 

1 36.2 



3 

1 37.3 

33.3 


1 

1 

4 

29.0 

27.5 


1 

5 

' 27.5 

23.6 


1 

6 

22.4 

19.7 


) 

1 

4 

20.1 



1 

8 

14.5 




9 

12.8 




10 

8.0 




11 

4.6 




12 

1.8 


7.5 

182 

0.5 

21.1 

18.1 



1 

19.6 

14.3 



2 

33.7 1 

26.4 



3 

24.5 

21.2 



4 

15.7 1 

15.5 



5 

13.4 1 

13.4 



6 

9.7 

8.3 
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Solutions of potassium hydroxide and barium hydroxide give 
similar results, although at corresponding concentrations less fog is 
obtained than with sodium hydroxide. 

If the logarithms of the mean concentrations of alkali dui’ing 
the passage of each litre of air and of the corresponding weight of 
fog be taken, a straight line is obtained when they arc plotted. More- 
over under fixed conditions of depth and original concentration of 
alkali the lines corresponding to the different jets arc parallel. 

From the data obtained in these experiments Table 4 is compiled, 
showing the amount of fog formed in the fir.st litre of air passed 
through sodium hydroxide solutions of the mean concentrations given 
at 20'’C. 


Table 4. 


Depth 

of 

lladlUK of 

Kato 

j Menu (Concentration of Alkali 


Liquid 

mill 

c 0 /min 

0 07^ 

0 26N 

0 5CN 

Til X 

3.7 

1 1 .32 

220 

14 0 ' 

22.2 

1 30 9 

4i) 2 


1 

182 

10.8 

18 0 

1 26 7 

12 5 


0.82 

220 

1 <)9 1 

16 4 

22 8 

.i9 4 


_ 

182 

66 

1 11 8 

1 

1 

37 4 

7.5 

1.32 

220 

11.9 

19 4 1 

1 2 \) 0 

49 6 



182 

9 6 

156 

: 22 8 

40 7 


0.H2 

220 

7 5 

16.3 

23 0 

42.9 


>$ 

1 

182 1 

1 4 8 

S.O 

! 15 8 

32 4 


If these figures are plotted in the ordinar,\ manner it will be 
st*en that in dilute solutions small additions of alkali exert ver\ large 
effects; in the more concentrated, the amount of fog obtained is 
almast proportional to the alkali concentration. 

The experiments made with the sodium carbonate and trisodiura 
phosphate solutions may now be considered. The data obtained are 
given in Table 5, the rate being 22.) c c./min., and the depth of liquid 
7.5 cm. ; at 22°C. 


Table 5. 


Substance 

LltlOK 

lladius of Jet 

of air 

1 82 mm 

0 82 inm 

Na^COa 

1 

9.7 

7.9 


2 

4.7 

1 3.8 


3 

4.1 

3.5 


4 

01 

1.0 


5 

— 

0.2 

Na,P04 

1 

25.5 

21.0 


2 

11.5 

11.0 


3 

1*3 

0.9 


A 

n A 

A 1 
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There is a rapid fall in the amount of fog formed as the solutions 
are neutralized. Buffer action may possibly account for the con- 
stancy of some of the carbonate figures; the phosphate solution 
reaches the disodium stage too quickly for the above to bo observed, 
but it doubtless exists in this case also. 

Sodium carbonate is not so greatly hydrolyzed as sodium phos- 
phate, and consequently the hydroxyl-ion concentration will be some- 
what smaller in the carbonate than in the phosphate solution. This 
difference is plainly shown by the differc^nces in the amouni of fog 
obtained from the first litre of gas. Now, from the data f^iven in 
Tabic 4, the concentrations of free sodium hydroxide which would 
give the same weight of fog under the same conditions arc 0.06 and 
0.45 nonnal respectively; these are of the (Same order of magni- 
tude as would be expected from the degrees of hydrolysis. 

It has not been possible to fix a definite value for the hydroxyl- 
ion concentration below which no fog appears, but it must be greater 
than 10 ' normal, since the other phosphates and sodium bicarbonate 
give no fog. 

(e) Effect of the above factors on the conaniraiion of add in 
the fog particles: The acid concentration remains remarkably con- 
stant, varying only from 8 to 11 per cent., although the radius of 
the jet, the rate of passage of the gas, and the depth of the liquid 
have all been vaided. At the two deptlis, 3.7 cm. and 5.5 cm., for a 
given rate the concentration of acid is the same; at 7.5 cm. for the 
same conditions tlie acid content is about one per cent, lower. At 

3.7 cm. the acid content is almost independent of the radius of the 
jet ; in the other ca.ses there is a tendency for the acid content to 
fall as the radius of the jet is decreased. In all eases there is a slight 
tendency for the concentration to fall as the rate is reduced. 

(f) Water vapour partial pressures: In all cases, after making 
due allowances foi* differences in temperature, the pressure of the 
w^ater \apour in the filtered air remains fairly constant at about 95 
per cent, of the saturation value for the corresponding air tempera- 
ture, or 80-90 [)er cent, of that for the mean temperature of the 
solution during an experiment. When large quantities of fog are 
obtained the relations are not so simple, as in some cases values of 
more than 100 per cent, saturation are obtained. This point is 
considered later, w^hen dealing with the effect ot adding colloids, 
dyes, etc., to the alkali solutions. With small quantities of fog the 
vapour ])ressure is independent of the nature of the solution, the 
radius of the jet, the depth of the liquid, and the rate of passiige 
of the gas. This presumably shows that the particles attain some 
sort of equilibrium with the vapour with which they are in contact. 
This point will be considered more fully when dealing with the sizes 
of the particles in the fogs. 

2. During some of the experiments it was noticed that traces of 
certain organic compounds exerted a marked positive effect in fog 
production. For example, in an experiment with a 0.313N sodium 
hydroxide solution 10 drops of a 0.02 per cent, aqueous solution of 
methyl red were added, in order to see at what stage all the alkali 
was neutralisoed, but much more fog than usual was obtained, namely, 

36.7 mg., instead of 22.2 mg. Hence it appeared to be of interest 
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to obtain strictly quantitative data on the effect of small quantities 
of colloids or capillary active substances on fog formation. 

The following have been used as “capillary active substances'’: 
iso-amyl alcohol, sucrose, gelatine, gum arabic, safranine, methylene 
blue (hydrochloride), congo red, orange G, glycerine, saponin, kaolin, 
aquadag, and clay. 

Solutions or suspensions of these substances in sodium hydroxide 
weiv made up, and the amount and the analysis of the fog formed 
were dctermintnl for the different experimental conditions. The 
analyses given in experiments on the progressive neutralization of the 
alkali, except where otherwise stated were carried out on the total 
amount of fog formed, and ai'c therefore^ average values. 

Finally, most of the substances were examined with the condi- 
tions of experiment fixed, except for viunations in the concentration 
of the capillary active substance. 

Gelatine and Gum Arabic : The solutions were made up by allow- 
ing a weighed quantity of the solid to disperse in the alkali solution. 
Both the gelatine and gum arabic gave no fogs in absence of alkali. 

In the case of gelatine solutions of different concentrations were 
made up, one of which was 0.5N with respect to sodium chloride. It 
was found that the amount of fog was not very dependent on the 
concentration of gelatine in the stronger solutions, but even traces 
of gelatine have a, very great effect relative to the amount of fog 
obtained with a simple aqueous solution. Some of the data are given 
in Table 6, 


Table 6. 

Solution: 1.24N sodium hydroxide. 
Rate: 208 c.c./min. 


Per rent 

Fog uig 

0.098 

167.3 

0.082 

161.1 

0.081 

153.8 

0.041 

141.4 

0.041 

1 137.7 

0.0163 

102.9 

0.0082 

81.9 

0.0032 

63.0 

0.000 

47.7 


Temp. 

1 l^artlal rruhsuie 

Air »C 

1 HjO niin 

23.9 

1 19.7 

25.3 

212 

25.1 

22.2 

25.8 

' 21.8 

24.5 ' 

' 21.7 

25.7 

1 22.3 

25.3 

! 21.7 

25.3 

i 21.9 

24.9 1 

, 21.7 


Addition of sodium cliloride to the solution caused a slight 
increase in the amount of fog formed. 

Small alterations in the concentration of the alkali did not have 
a great effect on the formation of the fog. 

W^en the rate of passage of the gas was varied, at about 110* 
c.c./mm., the fog production decreased rapidly. This is shown by 
the data in Table 7. Tliis peculiarity is shown by other solutions 
also. 
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Table 7. 

Solution: 0.275 per cent, gelatine, 0.594N NaOH. 


Rato 

Air Tomp. 

I Fog. 

per cent. 

Partial 

c c./mln. 

®C. 

' mg. 

IICl 

PioHsuro 
U^O mill. 

208 

22.7 

195.3 

10.00 

18.7 

125 

. 23.5 

188.1 

7.85 

18.5 

95 

22.9 

157.3 

8.10 

17.7 

74 

23.7 

135.1 

7.67 

19.8 


A number of experiments were carried out at different rates^ 
and witli different jets and solutions to find out how the fog produc- 
tion varied during the neutralization of the alkali. An example is 
given in Table 8. The solution was 0.591N sodium hj^droxidc con- 
taining 0.25 pej’ cent, of gum arable. 


Table 8. 

Depth: 7.5 cm. 
Radius of jet: 1.32 mm. 


X.itrea of 

Air Temp 

1 

Rato 1 

Eog. 

Per cent. 

1 Partial 



c.c /mhi 

mg. 

HCl. 

1 

B^O mm 

1 

22.1 

202 , 

14 : 1.9 

7.09 

20 1 

2 

21.7 

199 

111 2 

7.83 

17.4 

3 

21.4 

2U4 

87.5 

7.96 

18.6 

4 

21.2 

200 

66.3 

8 18 

18 4 

5.0J5 

21.3 

206 ' 

()0.2 

7 62 

16.0 


IsO’amxjl alcohol, saponin, glycerine and sucrose: The amyl 
alcohol had a very definite action in increasing the amount of fog. In 
a 0.594N sodium hydroxide solution containing 1.0 per cent, of 
alcohol, at a depth of 7.5 cm., the gas being passed at 225 c.c./min., 
using the jets of radius 1.32 and 0.82 mm., from the first litre of 
air 79.3 and 83.7 mg. of fog respectively were obtained. Even in 
0.01 per cent, solution its effect was quite definite. 

Saponin was used in 0.01 per cent, solution. Some difficulty 
was experienced due to frothing. This solution gave three times as 
much fog as a simple aqueous solution under similar conditions. The 
acid content of the particles was somewhat less than in other cases, 
namely, 6.5-7.0 per cent. 

Glycerine and sucrose did not have aii}^ effect on the amount of 
fog formed. 

Saf ranine and methylene blue: Safranine was used in 0.61N 
sodium hydroxide. It has been found to be of the same order of 
activity as gelatine. For experimental conditions such that a pure 
aqueous alkaline solution gave 31.9 mg. of fog, the 0.02, 0.008, 0.0013 
per cent, solutions gave 117.9, 83.2, 37.3 mg. respectively. Analysis 
of the fogs gave a percentage of 8.89 of hydrogen chloride. 

Methylene blue 'v\ras extremely active, so that a dilute solution 
containing 0.0013 per cent, was used as a stock solution for dilution 
in some of the experiments. The dye was absorbed very strongly 
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by all glassware, etc. This property seemed to run parallel with 
activity in fog formation since saf ranine and methylene blue were 
much more strongly absorbed than eon go red or orange G. 

The same phenomenon was noticed here as with the gelatine solu- 
tions, namely, that in the higher concentrations, the chloride in the 
fog particles was somewhat greater than in the more dilute ; for 
example, the fogs from the strongest solutions gave on analysis 10.2 
per cent., and the fogs from the more dilute 8.9 per cent. For quan- 
titative results sec Table 21, when it will be seen down to what 
extreme dilutions the effect of methylene blue can be detected. 

Congo red and orange G: Neither of these substances was very 
active, although the effect of their presence could be detected easily 
in a 0,0067 per cent, solution. For conditions such that 31.9 mg. of 
fog were formed from the simple solution, Congo red and orange G each 
in 0.1 per cent, solution gave 71.2 and 90.2 mg. respectively. The 
percentages of acid were 8.11 and 8.34 per cent, respectively. 

Sus 2 )ensions : Colloidal solutions may be considered as very fine 
suspensions, so that it is of interest to see what effect a coarse suspen- 
sion would have on the absorption of the acid vapour. With suspen- 
sions of kaolin, graphite (aquadag), and cla}, dense fogs 'were 
obtained in each case. 

Two different concentrations of acid vapour have been used, the 
partial pressures ])eing 36.7 and 139.2 mm. Experiment has shown 
that not only is the amount of fog formed, but also is the concentra- 
tion of acid in the particles very much dependent on the original partial 
pressure. For example, in a solution containing 0.039 per cent, of 
aquadag the weights of fog were 88.7 and 129.6 mg. respectively, the 
corresponding concentrations of acid in the particles being 7.22 and 
8.55 per cent. In Table 9 arc gi\eu some of the results obtained with 
kaolin. For aquadag, see Table 21. 

Table 9. 


Pm 1 J*ro88 

P*'i cent 


^ Pait Press 

Air 

HCl nun. 

Knohn 

1 rajr 

1 H O nun 

1 

Temp ®r 

36.7 

1.177 

115.0 

1 * 

16 2 

22.5 


0.784 

84.9 

1 20.5 

24.1 


0.392 

76.9 

, 22.0 

24.2 


0.237 

55.9 

20.8 

23.4 


0.157 

47.2 

1 22.0 

23.5 


0.000 

18.7 

' 22.0 

23.7 

139.2 I 

0.722 

128.8 

17.4 

21.3 

1 

0.482 

110.6 

18.6 

21.5 


0.241 

87.4 

16,0 

18.5 


0.144 

75.2 i 

14.2 

17.5 


0.006 

59.0 

16.4 

18.0 

! 

0.048 

44.5 

15.7 

18.5 

1 

0.000 

24.2 

19.1 

21.3 


A vsamplc of carefully washed and fractionated Buxton clay was 
used. The particles were very small, taking some days to settle a 
few centimetres. This suspension was very active, as is shown by 
the following figures quoted from the full experimental results. 
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With a 0.124 per cent, suspension 208.0 mg, of fog obtained, and even 
with a 0.006 per cent, suspension (which appeared very slightly 
cloudy to the naked eye) 106.5 mg. of fog were obtained. The mean 
concentration of acid in the particles was 9.56 per cent. 

All the experiments with the suspensions have been carried out 
under the same conditions namely, with a jet of radius 1.32 mm., and 
the gas passing at 208 c.c./min., except for the first set of experi- 
ments with kaolin, when the rate was 204 c.c./min. 

The activity of aquadag approaches, and of Buxton clay exceeds, 
that of gelatine or safranine, while the kaolin has the same order of 
activity as congo red. 

3. Hydrobromic acid has been found to be much more active than 
hydrochloric acid, this being parallel to its greater ‘'fuming’’ pro- 
perties. Neither hydriodic nor nitric acid h^ yet been tested, but 
each would doubtless give fogs. 

As only a small quantity of hydrobromic acid was available, it 
was not possible to do many experiments, and, in addition, the partial 
pressure of the bromide vapour was smaller in each successive experi- 
ment ; but the partial pressure was estimated in each ease. 

In all the following experiments the jet of radius 1.32 mm. was 
used at a depth of 7.5 cm., the gas being passed at 208 c.c./min. 

Distilled water gave no fog with a gas in which the partial pres- 
sure of the bromide was 79.7 mm. The water vapour partial pressure 
was 19.4 mm., the air temperature being 21.7®C\ This vapour pres- 
sure is the same as that found later when fog formation was taking 
place. 

Two different sets of experiments have been carried out using 
the same concentration of soda (1.26N), but with the fresh solution 
and the same after the bromide partial pressure had fallen to about 
70 i)er cent, of its original value. It will be noticed that the fog 
obtained at corresponding intervals in the second set is about two- 
thirds of that in the first set, so that the production of fog has fallen 
off almost ill proportion to the reduction in the partial pressure of 
the bromide. The data of these experiments are given in Table 10, 
the figures in the column headed “mean*’ being obtained by analysis 
of the whole of the fog collected, and of the alkali solution at the end 
of the set of experiments. 


Table 10. 


Part Pmia 

11 Br. niiu. 
(moan). 

LitroH 

ol 

Air. 

1 

1 

j 

For 

mg 

Per cent. 

H Hr 
(mean) 

Pa It PresK 
H,0 tntit 

Air 

Temp 

•c 

82.4 

0.5 

1 

1 

47.0 



21.5 


1 

1 

30.4 


— 

2L5 


2 


59.5 


20.3 

21.7 


3 

) 

1 

51.0 


20.4 

21.7 


4 


47.5 


20.9 

21.9 


5 

1 

1 

41.7 

21.3 

20.6 

21.9 

56.8 

1 

1 

50.4 


20.1 

22.1 

2 

1 

43.5 1 


20.2 

22.0 


' 3 


S4.7 1 


20.5 

22.0 


4 


34.0 

24.9 

19.7 

22.1 
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When the same gelatine and gum arabic solutions were used 
with hydrogen bromide as had been employed with hydrogen chloride, 
very dense fogs were formed, the bubbles as they passed through the 
liquid being filled with fog- The concentration of acid in the par- 
ticles remains practically constant, whether the solution contains any 
colloid or not. 

In Table 11 the data obtained in experiments on the production 
of fog with progressive neutralization of the alkali are given. In 
each solution the sodium hydroxide was 0.59N. The ^‘mean^^ values 
were obtained as in Table 10. 


Table 11. 


Colloid. 

Part Presa. 
H Br nun. 
(mean). 

Litres 

of 

Air 

Fog 

ing. 

Per cent 

H Br. 
(moan). 

1 Part. Press. 
HjO mm. 

Air 

Temp. 

gelatine 

59.1 ' 

1 ' 

180.2 


21.2 

21.3 

0.122 per 

1 

2 

1«4.1 


22.0 

21.8 

cent. 


2 

182.6 


21.0 

21 2 


1 

4 

100.3 

21.8 

1 

20.1 

‘21 .0 

gum 

59.4 

1 

148.7 

1 

18 6 

I 

21 5 

arabic 


1 ^ 

138.6 


20 6 

21.(5 

.25 per 


3 

114 3 


20.6 

21.7 

cent. 


i 4 

1 

89.7 

21 9 

20.4 

21.8 


The percentages of bromide in the particles are very large; but 
when these are converted to normalities the concentration is nearly 
the same as in the case of the chloride, being, in fact, slightly higher. 
This would appear to show that the particles in each case are of the 
same size. How far this is true will be seen later when the sizes of 
the particles are considered. 

In the gas, after removal of the particles, the water vapour 
pressure is constant, and has the same value under’ corresponding 
conditions as with hydrogen chloride, although with the gelatine and 
gum arabic solutions there is a tendency for it to be somewhat 
greater than in the previous experiments. 

If the quantity of fog obtained be plotted as has been done for 
hydrogen chloride, the same type of curve is obtained. Corresponding 
to the greater production of fog in these experiments and to the 
slower falling off as the alkali is neutralized, the lines are not so 
steep as for hydrogen chloride. It is interesting to note that the lines 
for gum arabic and gelatine are again practically parallel. 

The vapour pressures of the bromide in all these experiments 
have been considerably lower than with the chloride, yet the amount 
of fog formed under the same conditions is greater. This is probably 
due to the lower rate of diffusion of the bromide in the gaseous phase. 

4. Although alcohol might have been included among the ‘‘capil- 
lary active’’ substances, it does not appear to be particularly effective. 
For example, a 7.6 per cent, solution gives an increase of only about 
25 per cc^nt. over the plain aqueous solution of the same alkali con- 
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centratioii. The strong alcoholic solutions give dense fogs, which 
begin to form as the bubbles pass up through the liquid. In this 
case the presence of a volatile substance lends interest to the experi- 
inents. 

The solutions used contained 7.6 and 33.0 per cent, by weight 
of ethyl alcohol, and were 1.223N and 1.238N respectively, with 
respect to sodium hydroxide. 

Alcohol was estimated by the method of Benedict and Norris 
(J. Am, Chem, 8oc, 1898, 20, 293), in which a solution of potassium 
dichromate in sulphuric acid is used. The procedure finally adopted 
was as follows. A known volume of the very dilute alcohol solution 
(0.1 per cent, or less) is run from a burette into a small flask; three 
times this volume of concentrated sulphuric acid are then added 
slowly with cooling under a good stream of water. An excess of 
dichromate solution is slowly added from a burette, after which the 
flask is heated over a small flame, taking fifteen minutes to reach 
98°C., the temperature then being held at this point for five minutes. 
The flask is then cooled and added to about 300 c.c. of cold water in 
a large conical flask. After again cooling, the excess of dichromate 
is destroyed by adding an excess of standard ferrous ammonium 
sulphate, this excess being in turn estimated with standard perman- 
ganate. 

The dichromate was standardized by means of a 0.100 per cent, 
solution of alcohol. This solution was of approximately the same 
strength as the solutions obtained after extracting the asbestos filters 
with water. 

Since the presence of chloride causes high results, the following 
procedure was adopted. The asbestos was removed and extracted 
with distilled water, the volume being kept as small as possible (not 
more than 100 c c. with the smaller quantities of fog), the washings 
l)cing run into a graduated flask. An excess of 0.03185N silver sul- 
phate solution was then added, and, after being well shaken the liquid 
was made up to the mark. After standing for a time, the solution 
was filtered, and an aliquot taken for analysis. Another poi^tion of 
the solution was then titrated with ammonium thiocyanate to deter- 
mine the excess of silver. From the gross amount of alcohol found 
on analysis a deduction was made for alcohol absorbed by the 
asbestos, this having been determined in blank experiments. 

An attempt has been made to estimate separately the alcohol 
and the water vapour partial pressures in the gas after the fog par- 
ticles had been filtered out. The most satisfactory method for the 
conditions under which it was required to work, appeared to be that 
of Thomas (J. Soc, Chem, Ind,, 1922, 41, 33T). In this method 
freshly broken calcium carbide, which must be as free as possible 
from calcium oxide, is used to remove the water vapoui*, the alcohol 
passing on to be obsorbed in concentrated sulphuric acid. The factor 
for converting the change in weight of the carbide to water was found 
by blank experiments to be 2.91. Blank experiments showed that no 
acetylene was absorbed by the acid. 

In all the experiments where were formed, the partial pres- 
sures were estimated, whence the ratio water/alcohol was calculated, 
but the results in some cases were somewhat irregular. The ratios 
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water/alcohol found in the vapour correspond satisfactorily with 
those given in the standard tables for mixtures similar to those em- 
ployed in these experiments. 


The details of a typical experiment are given: — 

Radius of Jet : 0.82 mm. 

Depth of Liquid : 7.5 cm. 

Solution: 33.0 per cent, alcohol with 1.238N NaOH. 
Rate: 159 c.c./min. 

Two litres of air were used in the experiment. 

Weight of fog per litre of air 0.1132 g. 

Carbide, change in weight 0.0149 g. 

Equivalent to water 0.0432 g. 

Whence partial pressure of water vapour is 22.3 mm. 
Suli)huric acid, change in weight 
Whence partial pressure of alcohol is . .. 
f weight of water 
^ I weight of alcohol 


0.1062 g. 

21.2 mm. 


And the ratio" 


is 0.41 


The fog was washed out into a 250 c.c. flask containing 15 e.c. 
of the silver sulphate solution. After filtering, 100 c.c. of solution 
required 2.15 c.c. of ammonium thiocyanate solution (equal to the 
sulphate in concentration) for precipitation of the excess silver; 
whence the chloride present used 9.63 c.c. of silver solution. This 
represents 11.18 mg. of hydrogen chloride so that the particles con- 
tained 4.94 per cent, by weight of chloride. 

For the alcohol estimation two portions of 25 c.c. each were 
taken, to which were added as described above, 25 c.c. of the chromic 
solution. To destroy the excess chromic, 10 c.c. of a N/10 ferrous 
solution were used, for the titration of the excess iron 3.27 c.c. of 
N/10 permanganate were required ; hence the alcohol was oxidised by 
the equivalent of 10.95 c.c. of the ferrous solution, so that in 250 c.c. 
of solution there were 109.1 mg. of alcohol (since 1 c.c. of the ferrous 
solution was ecjuivalent to 0.996 mg. alcohol). The coriection for 
adsorption was 10.3 mg., so that finally the fog contained 98.8 mg. 
alcohol giving a percentage by weight of 43.6. 

Series of experiments similar to those already reported for the 
other alkaline solutions have been carried out. Some of the results 
are j^ven in Table 12. It will be noticed that with the weaker 
solution there is not a great de^l of difference in the amounts of fog 
formed at corresponding rates with the two jets -employed ; but with 
the stronger solution the narrower jet gives the greater amount of 
fog. This has been noticed for the still stronger solution used in 
Part 2 of these experiments. Also, in the weaker solution, the con- 
centration of acid in the particles approaches much closer to that 
found with the ordinary aqueous solutions than does that with the 
stronger solution. In the latter case, the figures are in agreement 
with those found in Part 2. Owing to the difficulty of preventing 
liquid from creeping back into the jet, no results could be obtained 
with the widest jets. 
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Table 12. 

S^^ution: Aqueous alcohol, NaOH 1.23N. 
Depth of Liquid: 7.5 cm. 

Air Temp.: 20.4-22.5®C. 


Alcohol 
Per Cent. 

Aadlua of 
Jet mm. 

Rate 

c.c./mln. 

POff 

tng. 

HCl 

Per Cent 

Alcohol 
Per Cent.^ 

Partial Press, iniu. 

Alcohol Hj.0 

fUtlo 

water 

Alcohol. 

7.6 

1.32 

191 

44.7 

8.42 

9.40 

7.86 

24.8 

1.23 



154 

37,^ 

7 67 

9.51 

«.60 

19.5 

1.16 



149 

36.8 

7.77 

9.76 

7.11 

22.4 

1.28 



118 

30.1 

7.90 

m.75 

7.82 

21.4 

1.07 



101 

24.0 

10 59 

10.86 

6.50 

sii.e 

1 24 

33.0 

0.82 

222 

1 : 12.7 

5.16 

! 1 « 

18.2 





195 

130.4 

6.23 1 

1 46.0 

18.0 

24.8 

0.54 



192 

127.8 

6.11 

44.4 

18.2 

24.9 

0.51 



1 159 

118 8 

5.26 

43.9 

20.4 

— 

— 



126 

113.2 

4.,^4 

43 6 

21.2 

22.:i 

0.41 



120 

112.1 

6.^12 

4‘*.9 

21.0 

25.7 

0.48 


1 

j 74.5 

76.6 

4*85 1 

1 41.8 

21.4 

1 

20.9 

0..16 

A peculiarity that was show'ii hy varying 

the rate of ]»as.sagc of 


Ihe gas was that although at higlaq* rates the amount of log was 


almost proportional to the i‘ate, at the lower rales the amount of fog 
produced fell off much more rapidly than this straight lino law 
required. The data of the above tables show this. 

The fogs produ(*ed at each stage of the neutralization of the 
stronger solution have been analyzed. As found with other solutions, 
tlie composition of the ])arti(*les and of the vapour remains piaetically 
constant throughout. The data in Table 13 illustrate this. Th(^ com- 
position of the particles and of the vapour remains constant when 
the rate of passage of the gas is varied as shown by Table 12. 

Table 13. 

Solution: 33.0 per cent, alcohol, NaOH 1.238N. 

Depth of Liquid: 7.5 cm. 

Rates: 201 and 192 c.c./mln. respectively. 

Air Temp.: 21-22" C. 


Radius of 

1 Litres of 

• Fog 

HCl 

Alcohol 

Partial Press, mm. 

Ratio 

Water 

AlcoJiol. 

Jet. 

1 

Air. 

mg. 

Per Cent 

1 

Per Cent. 

^Alcohol 

Water 

1.32 

1 

112.0 

6:^2 

39.0 

18.4 

24.5 

0.52 

2 

90.4 

6.10 

39.1 

18.3 

! 21.3 

0.45 



G6.7 

6.34 

39.4 

18.3 

22.8 

0.48 


4 

, 67,6 

6.25 

40.0 

19.5 1 

2:^.4 

().47 


5 

' 44.1 

6.10 

1 43.8 

21.1 , 

1 

25.0 

1 

0.46 

0.82 

1 

148.8 

5,38 

41.5 

I 19.1 

1 

— 

2 

106.8 

4.74' 

41.3 

17.8 

24.9 

0.56 


3 

84.7 

4.94 

40.6 

i 19.1 

24.9 , 

0.61 


4 

80.8 

4.74 

88.5 

I 19.6 

25.2 ' 

0.50 


5 

59.0 

5.12 

39.6 

1 

' 20.9 

1 




N 
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Til connection with these experiments it will be noticed that the 
percentages of alcohol found in the particles are somewhat greater 
than those in the original solutions. In view of the work of Kablukow 
{Zeii, phys, Chem. 1903, 46, 399) it is probable that the composition 
of the vapour from the alkaline solutions is richer in alcohol than 
that given by a simple aqueous solution of the same alcohol epntent. 
If a correction is applied, assuming that sodium hydroxide will have 
the same effect on the vapour composition as has potassium iodide, 
then it is found that the percentage of alcohol to be expected in the 
liquid in equilibrium with the vapour given off is close to that 
actually found. 

It is well-known that pyridine fumes strongly in the presence of 
hydrogen chloride, so that it is not surprising that dense fogs are 
foj’med when air carrying the acid gas is bubbled through a pyridine 
solution. 

A M/2 solution of pyridine was used. Exi)eriments on tlie pro- 
grcs.sivc neutralization of the solution showed that fog formation 
ceased only after the solution became distinctly acid. This is pro- 
bably due to the hydrolysis of the pyridine salt allowing vapour to 
be given off‘ to form a fog until a sufficient acid conccuitration is 
built up to repress the hydrolysis. The l)ubbles rising througli the 
liquid were filled with fog, so that in this cns(‘, as with some of the 
other solutions already mentioned, at least ]mrt of the non-al)sorption 
of the acid would be due to the slow^ diffusion of tlie hydrogen 
chloride condensates and in accord witli the known difficultv of remo\- 
ing suspended matter from a gas by bubbling The comi)osition of 
the particles remained constant during the lurntralisation of the ])im\ 
No determinations of the iiyridine content of th(» ])artic]es have been 
made. Some of the data obtained are gi\en in Table 14 

T^blk 14. 

Depth of Liquid . 7 5 cm 
Radius of Jet : 0 82 mm 
Rate: 165 cc./min. 


Litif^s of 

1 

1 

1 

1 roff 

aci 

1*8 It ini ProsR 

All 1 

me 

... j 

1*01 (Vnt 

1 

H^O Him 

1.02 t 

22.7 1 

405 2 ' 

7.25 j 

23 3 

2 1 

22.7 1 

352 0 1 

8.17 1 

22 7 

3 

22.7 1 

326.5 1 

8.22 

22.7 

4 , 

23 0 1 

202 1 1 

8.33 ' 

24.3 

5 02 1 

22.8 

78 , 

” * ! 

— 


This pyridine solution wns also used in experiments in which 
the rate of passage of the gas was varied. With both the jets 
einployed it was found that at the higher rates, say, aliovc 110 e.c./ 
min., the amount of fog obtained varied linearly with the rate, but 
below this rate the formation of fog rajiidly decreased. (Sec Table 
14 a). In this case also the narrower jet was the better fog producer. 
From Table 14(a) it will be seen that the acid concentration in the par- 
ticles falls as the rate decreases, although the water va]iour partial 
pres.4ures remain constant. In some cases the pressure is greater 
rtian corresponds to saturation at the given temperatures, but this 
is probably due to the temperature of the gas being higher than that 
of the solution, owing to the latent heat of condensation of the water 
in the large quantities of fog which arc obtained. 
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Table 14 (a). 

Depth of Liquid: 7 5 cm. 

(One litre of air used in each experiment.) 


IladiuB 
of Jet 
mm 

Rate 
c c /min 

Fog ! 

mg. 

] 

HCl 

Per Cent 

Air 

Temp 

tart Preae 

H^O Tnm 


217 

' 357.3 

8 54 

20.0 

18.5 

1.32 

155 

335 0 j 

7.28 

20.0 

18.0 


99 

306.9 

1 6.81 

20 7 

18.9 


80 

245.8 

6.70 

21.3 

18.5 


65.6 

188.4 

7.46 1 

, 19.0 

19.0 


56.5 

142 9 j 

6.62 

20.8 

20.3 

0.82 j 

191 

326.9 

1 

10.20 

22 8 

19.8 


1 149 

298 3 

8.59 

23.4 

21.5 


107 

239 3 

8.28 

23.8 

218 


78 6 

160.9 

8 35 

24.0 

21.0 


62.5 

126.0 

7.46 

23 0 

20.1 


5. (a) Sizes of the Particles: The chamber in which the fog was 
allowed to settle was constructed as follows: An inner cylinder of 
thin, hard glass was surrounded by a thick outer one, the space 
between the two being sealed at each end. Wide bore taps were used 
on the inlet and outlet tubes, in order to eliminate as much as pos- 
sible contact of the fog with any surfaces with consequent coag^a- 
lion of the particles. Two narrow slits the length of the cylinder 
were made in the blackened outside wall; these slits were at right 
angles, one for the entr^^ of light filtered through a water cell, and 
the other for observation of the level of the fog column. The space 
above the fog appeared black, while the fog appeared white, the 
intensity of the disiiersed light lieing dependent on the density of the 
fog. Along the last-mentioned slit was placed a calibrated glass scale 
by means of which the height of the surface of the fog could be read 
at any time. At each 2 5 cm. the times taken for the surface to fall 
from the zero mark were read on a stopwatch. The surface of the 
fog remained level during an experiment, except when the densest 
fogs were being observed. 

The following data have been employed in the Stokes-Cunning- 
ham equation used for calculating the radii of the particles from 
their rates of fall: for aqueous, 7.6 and 33.0 per cent, alcoholic, 
])yridine, and hydrobromic acid solutions, the radius is calculated 
from r X V where X has the values 8.92, 9.00, 9.23, 8.92, 8.40 
X 10 * respectively, the densities of the respective particles having 
been taken as 1.04, 1.02, 0.J^7, 1.04, 1.17. 

Experiment showed that the radius was the same at all stages 
of the neutralization of the solution. But the particles increased 
s(>mewhat rapidly in size during the time of settling, as the rates of 
fall were greater near the bottom of the scale than at the top. With 
the dense fogs the particles appear to be smaller than in the other 
cases. The radii given in the tables which follow have in such cases 
been determined from the rate of fall of a separate layer which 
sometimes appeared, or of the original surface at a later period of 
the settling process. Table 15 gives the radii of the particles in a 
number of dense fogs. In the first part of the table the solutions 
were 0.62N with respect to sodium hydroxide. 
n2 
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Table IS. 


SubBtaiicc. 

Solution 

Per Cent. 

RatlliiA of 
Jot mm. 

Rate 
c c./min. 


llatUn<i 
cm. X lO* 

Methylene blue 

0.02 

1.32 

210 

25.3 

1.62 


0.004 

1.32 

210 

24.7 

1 41 

Gelatine 

0.122 with 
0.6N NaCl 

1,32 

210 

22.5 

1.08 

Buxton clay 

0.186 

1.32 

310 

25 3 

1.19 

Pyridine 

(M/2) 

1 32 

208 

25.6 

0.50—1 16 

fS 


1 32 

115 

24.2 

0.71—1 22 

,, 


1.32 

77 

23.8 

—1.19 



0.82 

208 

24 5 

0 67—1 20 


An examination has also been made of the variations of the radii 
when the colloid, etc., the radius of the jet, and the rate were altered. 
In general the particles were larger as the concentration of colloid 
decreased, as the radius of the jet decreased (rate constant), and as 
the rate decreased (radius of jet constant). "V^en the colloidal solu- 
tions or suspensions were used, the radii were distinctly less than with 
the ordinary aqueous alkali solutions. This may be seen from Table 
16 where the data given are selected as being representative of the 
many obtained ; in all the solutions the alkali was 0.62N sodium 
hydroxide. 


Table 16. 


_ — _ _ 

1 

— 

. 



Substance 

Solution 

IladUis of 

I Bute 

Temp 

Rarllus 


' Per Cent 

Jet mm 

1 c c /min. 

®C. 

cm \ 10^ 

Oum arable 

0.25 

1.32 

' 208 

23.8 

2.01 



1.32 

170 

24.2 

2.17 



1.32 

1 159 

24.0 

2.04 



0.82 

, 210 

23.4 

1.93 



0.82 

170 

23.8 

2.11 

Methylene 

1 _ 

1 0.10 

1.32 

210 

23.7 

2,19 

blue 

0.01 

1.32 

170 

23.3 

1.90 


0.004 

1.32 

210 

24.2 

1.72 


0.004 

1.32 

170 

23.6 1 

1 2.00 


0.004 1 

0.82 1 

170 1 

21.0 1 

1.80 


0.0008 

1.32 

210 1 

24.9 1 

2.10 


0.0008 1 

1 

1.32 

170 

j 

24.8 

2.31 



1 



1 

— 

Kaolin 

0.241 

1.32 

210* 

25.2 

1.84 


0.144 1 

1.32 

1 

210 

25.2 

2.02 

Buxton clayl 

0.186 

1.32 

r'7„~i 

25.3 j 

1.96 


No added 
substance 


1.32 

210 

24.0 

2.45 

1.32 

173 

24.0 

2.42 

0.82 

210 

24.5 

2.58 

0.82 

178 

23.2 

2.62 
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With the alcoholic solutions the particles given bv the stronger 
solution were somewhat the smaller. In both cases the particles grow 
rapidly with very considerable thinning-out of the fog. This rapid 
growth has been observed previously by Barus {Carnegie Inst., No. 
62, 1907, p. 113). In Table 17, “original” and “final” refer to the 
radii calculated for the beginning and the end of the readings. 


Table 17. 

Size of Particles of Alcoholic Fogs. 


Alcohol 

1 lUtc 1 

Radius 
of Jet 
mill 

Temp. 

mm 

I RadiuH cii x 10* 

Per (’enl 

c c /min 

1 Original 

Final 

7.B 

! 1 

I 212 

1.32 

24.8 

1 81 

2 13 

76 

1 212 , 

0 82 

25.0 

1 79 

2 13 

7 6 

' 178 1 

1.32 

25.4 

1 1 76 

2 14 

7.6 

1 178 1 

0 82 

25.4 

1 79 

2.16 

3 J 0 

212 

1 32 

2.5..^ 

1 71 

2 OS 

33 0 

1 212 

1 

0 82 

25 2 

i 1 53 

2 15 


lI\drobromie acid gave similar I'esults to liydroehloric aeid as 
is shown by the data of Table 18. In all cases the particles are 
smaller than those obtained under similar conditions with the 
chloride. 


Table 18. 


Sulution 


1.2iN NaOH 

0.62N NaOii with 0 25 
per cent gelatine 


Untc 1 

Radius. 

t V /min 

cm A. 10* 

208 

1 90 

117 

1 78 

208 

1 56 

173 

1.32 


Prom the various data obtained, it appeared that the original 
size of the particles is possibly of the same order as for logs from 
other reactions, namely, .7 X 10® cm.: for example, pyridine has 
given particles of radius 5.0-7 .2 X 10® em., methyleiii- blue' of 
7 X 10® cm., and Buxton clay of 10 X 10® cm.. Those have been 
found to be very unstable, often rapidly increasing to a mean radius 
of 2 X 10‘* cm. "l^ether the comparatively large partiele.s found 
for the ordinary aqueous solutions have grown from such smaller 
particles it is not possible to say. 

It is to be noted that apparently an equilibrium state is reached 
by the particles, since the vapour pi’cssures and concentration of 
acid in the droplets remain constant and independent of the eondi- 
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tions of formation whether hydrocliloric or hydrobromic acid is used. 
At a later date it is hoped to follow up this important conclusion. 

(b) Charges on the particles: An electroscope carefully shielded 
in a >sheet-iron box .was connected with a small collector. This con- 
sisted of copper gauze wound into a plug about 2 cm. by 1 cm. which 
was suspended in an earthed tinfoil-coated glass tube, connection 
with the electroscope being made by a copper wire passing through 
a sulphur seal. Just below the seal a fine capillary jet through which 
air was forced, was let into the tube. This device is recommended 
by Bloch {Ann, Chim, Pkys, 1911 (8) 22 370) for use with corrosive 
fumes and was found very satisfactory; before it was used serious 
electrical leakage occurred after passing fog through the collector for 
a short time. 

The '' natural’ ' leak of the system was determined before, during, 
and after a set of experiments, the time in minutes taken by the 
image of the leaf to pass over a standard portion of the scale being 
observed. This was taken as unity, and the time taken for the leaf 
to pass over the same portion of the scale in an experiment was 
expressed as a fraction of that time. The results were considered 
accurate to within one per cent. The apparatus was checked for sen- 
siti\dty by observing the effect of passing hydrogen from the action 
of hydrochloric acid on zinc through the collector; the charges were 
readily detected. 

In no experiment was a deviation of more than two or three per 
cent, found from the natural” value, and for what were supposed 
to be similar conditions the deviations were either positive or nega- 
tive. Although it cannot be said that the fogs have no charge, yet 
such a charge if present must be small, as the above statements sug- 
gest that no charges were detected with certainty in these experi- 
ments. 


General Discussion. 

It has been already pointed out that the relation between alkali 
concentration and fog formation in aqueous solutions is a logarithmic 
one ; this deduction is also valid for the ‘ * capillary active ’ ’ and other 
solutions employed. This treatment of the data showed the compara- 
tively small differences brought about by not too great an alteration 
in the concentration of the added colloid. It was dso shown by plot- 
ting these results that the slope of the lines did not vary a great deal 
^vith the '‘capillary active” substance used, e.g., under corresponding 
conditions the lines for two gelatine solutions, the gum arable and 
the amyl alcohol solutions arc almost parallel. 

It will be seen later that when the alkali concentration is kept 
constant and the concentration of added substance is varied each sub- 
stance has its own specific effect, i.e., the slopes of the curves vary 
greatly with the compound employed. 

From the tables given above it will have been observed that the 
concentration of acid in the particles remains sensibly constant for 
a given concentration of added material, and is, moreover, nearly 
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the same that found for the simple aqueous solutions. When the 
concentration of active material varies the relations are not so simple. 
In Table 19 are given some of the results of analysis of fog obtained 
when the concentration is varied. 



Table 19. 



HubHtaucc. 

Coiicn. 

Rate 

1 

Fog 

IICl 


1 I*er (V*ut. 

c.c./mlii. 

ms- 

Per Cent. 

Buxton Olay 

' 0.174 

178 

205.2 

1 9.02 


0 124 

178 

197.4 

, 8.56 


' 0 ()r)‘2 

1 

180 

182 4 

' 9.12 

j 

<;hina Clay 

1 

0 \ 

216 ’ 

' 79.2 

, 8.32 


0.206 

21(> 

61.2 

7.83 

M(*thyleno bliio 

0.01 

180 

225. t 

9.38 


oxm 

180 

216.8 

, 8.72 


0.(K)4 

180 

187.0 

, 8 97 


0.(K)2 

178 1 

1 161.2 

I 8 60 


0.(XK)8 

, 178 

' 122.h 

8.47 


0,(XMj4 1 

178 

100.3 

! 8.42 


It is seen that the acid content of the particles is not indepen- 
dent of the material used. 

From the various data obtained it can be stated that: (Ij the 
concentration of acid in the particles tends to decrease as the concentra- 
tion of “capillary active ’’decreases; (2) for a given concentration of 
“capillary active” substance the acid concentration is independent 
of the concentration of the soda solution; and (3) the pre.ssure of 
the water vapour in contact with the particles is constant. 

When the data obtained in tlie experiments with varying concen- 
tration of “capillary active” substance are plotted straight lines are 
formed corresponding to the general equation log F == in log C + K 
in which F is the weight of fog in mg. obtained from the first litre 
of air used, is the concentration of added material, and in and K 
are constants. Except for methylene blue, where it is possible that 
a curve might be drawn through the points, and for congo red and 
orange G, where the points corresponding to the most dilute solu- 
tions lie off the lines, tlie aWe statennent is strictly true. In Table 
20 are given the values of m and K for the solutions examined, and 
in Table 21 are given the experimental values, together with the 
values calculated from graphs for three typical substances. It will 
be seen that in general the agreement is satisfactory. 



200 


Transactions. 


Table 20 . 


Substance 

Conen of 
Alkali (N). 

m 

K 

Iso-amyl alcohol 

0.59 

0.274 

1.938 

Gelatine 

0.61 

0.284 

2.532 

Gelatine 

1.24 

0.287 

2.522 

Gelatine + 0.5N NaCl 

0 61 

0.240 

2.504 

Methylene blue 

0 61 

0.218 

2.700 

Safranine 

0 61 

0.446 

2.852 

Congo red 

0.61 

0.385 

2.237 

Orange G 

0.61 

0.370 

2.326 

Kaolin (1) 

0 61 

0.508 

2.080 

Kaolin (2) 

0.61 

0.385 

2.369 

Aquadag (j.) 

0.61 

0.286 

2.352 

Aquadag (2) 

0 61 

0.390 

2.667 

Buxton clay 

0 61 

0.212 

1 

2.510 


Kaolin and aquadag (1): Partial Pressure of HCl 36.7 mm. 
Kaolin and aquadag (2): Partial pressure of HCl 139.2 mm. 


Table 21 . 





niff 


Substance 

Ter Cent 



Itemarks 



Found 

(’ale 


Gelatine 

0.098 

171.8 

176 

The points are scattered 


0.073 

156.2 

162 

on both sides of the 


0.052 

142 4 

147 

line drawn. 


0.049 

143.2 

145 



0.024 

123.8 

118 



0.008 

87.1 

87 



0.0035 

70 5 

68 



O.OOlfi 

52.9 

54.5 



0.000 

23.4 

i 

— 


Methylene blue 

0.0267 

1 

I 222.8 

227 

iThc last two points fall 


0.0133 

195.0 

195 

1 below the values re- 


0.0067 

j 168.1 

168 

quired by the straight 


0.0027 

146.7 

138 

line. 


0.0013 

117.5 

117 



0.00067 

98.1 

102 



0.00027 

66.0 

83 



0.0000 

319 

1 

— 1 


Aquadag (1) 

0.194 

142.0 

141 

All the points lie close 


0.130 

124.5 

126 

to the line drawn 


0.065 

103.5 

103 

through them. 


0.039 

88.7 

89 



0.026 

80.6 

79 



0.013 

61.7 

65 



0.000 

17.1 




The activity of the substanees extends over a wide range. The 
only generalization, however, which it would appear possible to make 
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is that basic substances ( e.g., safranine, methylene-blue) are much 
more active than others (e.g., gum arabic, congo red). 

The great capillary activity of such substances as gelatine and 
methylene blue has has been noticed in other directions (Donnan Brit. 
Assn. Rep., 1923, Sect. B. 12), e.g., electromotive force (Sandera Rec. 
Trav. Chim., 1925, 44, 480), cataphoresis (van der Grinten J. Chmi. 
Phys,, 1926, 23, 209), water-fall experiments (McTaggart Phil. Mag. 
1914, 27, 297). As the relation between the amount of material pre- 
sent and the effect it produces is of the same form as the '‘adsorption 
isotherm,’’ it has generally been concluded that adsorption at the 
interface is the cause of the phenomena. 

It is rather remarkable, however, that such great effects should 
be obtained in the pi*esent experiments, since the surface tensions of 
th(‘ solutions differ very little from that of pure water, or from the 
simple alkali solutions. That surface tension is not the controlling 
factor, at any rate so far as fog formation is concerned, is showm by 
the fact that although amyl alcohol causes a great reduction in the 
surface tension, yet it is not very active as regards fog formation. 

The use of pyridine is complicated by ite volatility, and this is 
part of the reason why fog is formed in the bubbles as they pass 
through the liquid. But if pyridine vapour were passed through 
acid solutions, the result would be quite different. 

This aspect has been examined qualitatively by using solutions 
of ammonia and of hydrochloric acid of varying concentrations. If 
a gas bearing the chloride vapour is passed through aqueous 
ammonia, fogs are formed in all cases, because even in very dilute 
solutions ammonia has an appreciable partial pressure. If, however, 
the vapour from even concentrated ammonia be passed through 
fairly strong hydrochloric acid solutions, no fog is foimed until the 
partial pressure of the chloride rises above its infinitesimally small 
values in the more dilute solutions. In fact, it is only above about 
18 per cent, acid that fogs begin to be formed; even at this stage 
the partial pressure of the acid vapour is only a fraction of a milli- 
metre. As the concentration is still further increased, the fogs 
become more and more dense. 

The mechanism of the absorption of the acid will now^ be con- 
sidered in some detail. 

If the data given in Table 1 are used to calculate the times of 
contact of the bubbles with the solution, it is found that these lie 
between 0.15 and 0.35 second according to the jet and the rate used. 
Now^ the widest jets give the largest' bubbles, and these move more 
slowly through the solution. But calculation shows that allowing for 
change in volume, due to absorption of the acid vapour, for any 
pair of jets the ratios of the radii and times of contact are practi- 
cally the same. This leads to the experimental result that the 
amounts of fog obtained in simple alkali solutions do not vary a 
great deal. 

According to the two-film theory of gas absorption the equation 

isal-- AK(Pg-Pi) 

where is the rate of increase in weight of material dissolved, 
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A is the area of the bubble, K is a constant and Pg and Pi are the 
pressures in the gas film and in the liquid film respectively (Lewis 
and Whitman JJ,E,C,, 1924 16 y 1215). For hydrogen chloride and 
bromide Pi is negligible in dilute solutions, hence the equation 

reduces to = AK Pg. Now dw == - X dp where X is a function 
of the molecular weight of the gas, and dp is the fall in pressure 
brought about by solution of the weight dw. Hence 
which gives loge, pt “ where Po and Pt arc the pressures at 

times 0 and t. Since in these experiments Po is -constant, and A is 
constant for a given jet, the equation reduces to K — K't log^ Pt 
where K and K' are constants. Again since the concentration of acid 
in the particles is nearly constant the equation reduces finally to 
K" — ^K't «= loge F where K" is a constant and F is the number 
of mg. of fog per litre of air. This requires a linear relationship 
between t and loge F. Experiment agrees with the above theoretical 
requirement as is shown by the data in Table 22. 


Table 22. 

Depth of Liquid: 5.5 cm. 


Radius 
of Jet. 


1.S2 


1.08 


Rate 
c c /min 


217 

208 

195 

162 

158 

147 

127 

118 


220 

187 

170 

149 

145 

121 




1 724 
1.682 
1.670 
1.598 
1.564 
1.640 
1.422 
1 871 


1.667 
1.588 
1 540 
1.470 
1 456 
1.816 


Time of 
Contact 
Sccohd X 30* 


224 

225 
227 
280 
281.5 
282 
286 
288 


221 
223 
225.5 
228 
220 
233 5 


I 


The lines drawn from data such as those in Table 22, for the 
different jets are practically parallel at 3.7 cm. and 5.5 cm., but at 
7.5 cm. they become slightly steeper as the radius of the jet increases. 
Moreover, there is not a great difference between the slopes of the 
lines whatever the jet or the depth of liquid. 

It may be useful to examine briefly the different factors which 
might be considered in being causative agents in the reduction of the 
rate of diffusion of the acid vapours into the solutions. 

First, surface tension effects may be considered solutions of 
all alkalis and alkali metal salts raise the surface tension of water 
against air {Landolt Bdmstein TabeUen 19^ Edn. 238 et seq.), and 



Askew. — Chemical Fogs. 


203 


when present with amyl alcohol, etc., cause much f^reater lowering 
than if the alcohol is there alone (Seith Zeith, phys. Ckcm. 1925, 117, 
257). But, as mentioned above, amyl alcohol is not nearly so 
active in causing increased fog formation as solutions containing 
dyes and colloids, the surface tensions of which are not greatly 
different from the simple solutions (Freundlich and Neumann 
Koll, Zeit, 1908, 3, 80). Moreover, if alkali is absent from such solu- 
tions no fog is formed. This shows that the decreased rate of absorp- 
tion is bound up with the presence of alkali more than with surface 
tension effects. 

It has been already seen that the gas film is the only one to be 
considered in the absorption of hydrogen chloride. There is the possi- 
bility that the rate of absorption is decreased by the presence of air 
in the mixture, since it has been found that the absorption of 
ammonia is very greatly affected in such a ease (Kowalke et al, 
Chem and Met, Eng,, 1925, 32, 506). Thus the rate of absorption 
from a mixture containing 40 per cent, of ammonia was only one- 
fiftieth of that for pure ammonia. But if such an effect were a pre- 
dominant one, then fogs would be expected even in the absence of 
alkali. 

The rate of absorption is also governed by the rate at which dif- 
fusion both in the gaseous and in the liquid phases occurs. It is 
necessary to consider only the liquid phase in detail. Now both 
hydrions and hydroxylions diffuse much more rapidly in salt solu- 
tions than in pure water (Lewis Syst, of Phys. Chcm„ 1920 2, 204) 
while gases diffuse more slowly, the reduction increasing with 
inciTase in concentration of the salt (Barus Car. Insi, Puh., 186, 
1913). Here again such an explanation of the fog formation breaks 
(lowm as fogs would be expected, on the above grounds, in salt solu- 
tions. 

All considerations of this problem lead to the conclusion that 
the alkali film is the cause of the decrease in absorption. A somewhat 
similar problem has been examined by Ledig {J.LE.C,, 1924, 16, 
1231) in the absorption of carbon dioxide by alkaline .solutions. 
Three stages in the absorption were noticed, first a very high initial 
rate which falls to a second fairly steady rate, and third a much 
slower rate probably governed by the no’w lowered partial pressure 
of the gas. In sodium carbonate the rate of absorption ^vas much 
lower than in pure water. This w^as not wholly due to 'viscosity 
effects, as a cane sugar solution of equal viscosity absorbed the gas 
more rapidly than the carbonate. Again, a distinction 'w^as noted 
between potassium and sodium hydroxides, potash being the better 
absorbent — a fact which agrees with the present experiments that 
potash gives less fog under similar conditions than soda. Distilled 
water did not give the high initial rates obtained with alkaline solu- 
tions, pointing to the fact that the film around the bubble very 
rapidly becomes saturated with the gas. 

Perhaps something of a similar nature occurs when hydrogen 
chloride is absorbed, although some explanation is required wliy no 
fog forms in the presence of neutral salts. Adsorption effects must 
be in operation on the surface of the bubble, but there will be a ten- 
dency for a fresh water surface to be kept there owing to the nega- ' 



204 


Transactions. 


tivc adsorption of the ions. Dyes and colloids will be positively 
adsorbed and will form a film through wliicli diffusion must take 
place. If, as Alty and others have found {Proc. Roy. Soc. 1924, 106\, 
315; 1926 110k 178; Phil. Mag., 1914, 27 297), the bubble is nega- 
tively charged then there will be a tendency for negative particles 
to be attracted into the positively charged side of the double layer, 
that is, there will be a layer of negatively charged particles in the 
liquid film round the bubble. Hence basic substances will be more 
active, independent of, Imt in conjunction with, adsorption. Since 
the heavy ions would diffuse more slowly than the hydroxyl ions, the 
rate of fall of pressure would be less than when they were absent. 
For some reason the presence of alkali in the solution intensifies 
very greatly the effect of this film of dye or colloid. 

The fact that the vapour pressure remains constant and indepen- 
dent of the amount of fog requires some explanation. In the case 
of very active substances fog is easily visible in the bubbles as they 
pass up through the liquid. Once a fog particle is formed it will 
diffuse very slowly, and hence have verj- little opportunity of being 
absorbed by the alkali; but before this particle can form, since the 
gas mixture is originally dry, water vapour must diffuse rapidly into 
the bubble. Any such particle formation, or even the formation of 
molecular aggregates would tend to keep the partial pressure of the 
water vapour low and hence aid further diffusion of the vapour. 
The alkaline film with its adsorbed material thus appears to act as 
a membrane which is much more readily permeable to water vapour 
than to other gases or ions. That the surface of an alkaline solution 
may be very efficient in the evaporation of water, more so than a 
pure water surface, is known technically; also that an alkaline film 
can he impermeable to gases has been shown by Taylor {Fuel, 1926, 
5, 195) who found that a layer of alkaline clay was impervious to the 
gases formed by decomposition of organic matter underneath it. As 
the whole system in this case was wet, it was not possible to observe 
if water vapour could pass readily or not. In this case, colloids 
would, of course, be present, and would form a layer of adsorbed 
material at the boundary between the soil and the vegetable matter. 

This examination of the different factors shows that around the 
air bubbles an adsorption layer is formed in the presence of alkalis 
which does not readily permit the diffusion of the ions formed by 
the absorption of the acid vapour and thus causes a decrease in the 
rate of absorption to such an extent that the bubble reaches the sur- 
face with some of the acid vapour (in extreme cases up to 12 per 
cent, of the total) still unabsorbed. Capillary active substances in 
the solution increase the resistance to diffusion very considerably, 
although the diffusion of water vapour appears to be increased. 

It has been previously pointed out that a common radius would 
be expected for the particles in the fogs, but the data in the tables 
given above show that this expectation is not wholly borne out by 
experiment. 

The Stokes-Cunningham equation which, be it noted, gives only 
an average result for the radius as in general a large number of 
particles are observed at once, has been used for all types of fogs 
and fumes whether composed of liquid or solid particles, spherical 
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or otherwise. It is therefore somewhat remarkable as has been 
pointed out by Rothmund ( If 1918, 39, 571) that in nearly all 
cases the radius approximates to 5 X 10 ® cm. It has been deduced 
thermodynamically by Donnan {Zeit, phys, Chem,, 1903, 46, 197) 
that a critical radius of about 1 X 10 "’ cm. should exist, and Lewis 
{Syst, of Phys, Chem,, 1920, 1, 332) found with oil emulsions that 
there was a distinct tendency for the particles to approximate to this 
size. But that the same radius should be found general in aerial 
colloids is certainly remarkable. This ‘^criticar’ radius is, of course, 
found only when the particles have grown spontaneously and have 
not been formed by artificial methods such as spraying. 

A very important point to be considered is the maimer of pro- 
duction of the visible particles. It is generally agreed that some 
nucleus must lie present wliether a small solid particle (dust mote, 
salt crystal) or a molecuLir aggregate (hydro(*hloric acid). This is 
perhaps satisfactory for some cases, but docs not explain the con- 
densation of, say, ammonium chloride, unless it is granted that a 
few' ions wliich may be present (and these clouds are generally un- 
charged) can cause the condensation of immense numbers of par- 
ticles. Indeed, Aitken {Proc. Roy, Soc. Ed,, 1916-17, 37, 215) has 
concluded that there is no evidence to show that ions of themselves 
ever act as nuclei — it is necessary that the.\ be combined with an 
aggregate of molecules of vapour or a dust mote to fonn a large 
ioiT ’ ^ before condensation can occur. Prom a review of the literature 
it w'ould appear that much more w'ork is necessaiy before it will be 
I)ossible to say how condensation occurs, and still more work is neces- 
sary to explain the stability of the particles, a subject which is briefly 
discussed in the next paragraph. 

Rothmund (Lc.) has used an approximate form of the equation 
connecting vapour pressure with the radius of curvature of a small 
particle in conjunction with the van’t Hoff equation for the reduc- 
tion in vapour pressure of dilute solutions, obtaining finally for water 
particles, the equation r *= 6.1 X lO'V^i cm. in which r is the 
radius of a particle with a concentration c of dissolved material, i 
being the van’t Hoff factor. With Rothmund ozone fogs the for- 
mula gives results of the right order. The concentration of dis- 
solved material w^as very small, 0.03 to 0.08 molar. Wlien, however, 
the equation is applied to the results of others and of the present 
author, the results are hopeless. It has been pointed out above how 
remarkably close to a constant radius all fog particles tend to get, 
although in many cases the droplets must consist of very concen- 
trated solutions. Moreover, the equation by its derivation does not 
allow of the existence of a fog in a highly unsaturated atmosphere 
when the particles consist of dilute solutions of dissolved substances; 
although it has been observed repeatedly by many workers that 
chemical fogs can readily form and exist for long periods in such 
an atmosphere. 

At present there is too little information in the literature to 
enable much progress to be made and what information there is, is 
rendered almost useless by the fact that in no papers known to the 
present author have the concentration of dissolved material in the 
particles and their radii, the vapour pressure of the water in the 
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gas and its temperature have been given together; in fact, in prac- 
tically all cases only one of the above is given for the particular fog. 
It would appear that until all such information is given for all fogs 
experimented with, very little progress can be made in giving an 
explanation of their stability. 

It is admittedly difScult to apply equations strictly to the fogs, 
owing to their continual change; but with some of the methods now 
available for the examination of clouds and smokes considerable pro- 
gress should be possible. 

It is a well-known fact that during the rupture of masses of 
materials whether solid of liquid very large quantities of electricity 
are generated. This is particularly so with solids (Beyersdorfer 
Staubexplosionen, 1925, 10, et seq.), but even with liquids it is quite 
considerable. It has been shown that the mere making of new sur- 
faces is not sufficient for this purpose — the extension must be large 
and very rapid. Hence it may be expected that in chemical fo^ 
charged particles might make their appearance. This expectation is 
to some extent borne out in practice, but generally only in such cases 
where violent reactions or high temperatures or other secondary 
methods of charging have been employed (de Broglie and Brizard 
C.R. 1909, 148, 1457 ; 149, 923). For example, in the metallic clouds 
formed in the electric arc charged particles are pic'scnt, but usually 
the positive and negative charges arc equal in nuitiber (Whytlaw- 
Gray Nature, 1926, 117, 201) ; the vapours of phosphorus and of 
sulphur contain charged particles (Przibram Phys. Zeit., 1911, 12, 
260) ; and correspomfing to the third possibility given above Reniy 
{Zeit. anorg. Chem., 1924, 139, 69) found that an uncharged fog 
became charged on bubbling through aqueous salt solutions, a not 
luiexpected result in view of the work of Koslers {Ann. d. Phys., 
1899, G9, 12) who found that the presence of dust or liquid particles 
increased the charge carried off by a gas during bubbling. 

This last is the most likely source of electrical charges in the 
present experiments. It has been shown by a number of workers (e.g., 
Becker Jahr. d. Rad., 1912, 9, 52; Coehn and Mozer Ann. d. Phys., 
1914, 43 1048) that gases become charged on being bubbled through 
salt solutions. In such a charged gas it is possible that condensation 
might be aided by the presence of ions (but remember Aitken’s state- 
ment above). Now since with some solutions extremely dense fogs 
have been obtained it would be necessary to assume, if condensation 
were occurring on ions, that the dyes, colloids, and sasx>ended mat- 
erials conferred on the liquid the property of causing much greater 
charges to escape into the gas, since presumably each particle would 
be the result of condensation on at least one ion. In waterfall experi- 
ments some of the dyes have the property of reversing the sign of 
the charge on the gas. but in view of Vincent’s results {Proc. Camb. 
Phil. Soc., 1904, 12 305) this would not be very important, if any 
such reversal were to occur in the case of bubbling. Other work, 
however, points to the above suppositions being untrue, Bloch {Ann. 
Chim. Phys., 1911, 23, 28) found that many substances including 
acetone, ethyl alcohol, amyl alcohol and hydrocarbons, when present 
either in solution or as layers on the surface of a liquid greatly 
depress or even completely inhibit the charging of a gas by bubbling. 



It has been shown by the present author that acetone, ethyl and amyl 
alcohols, increase and not decrease the amount of fog obtained; and 
it has been observed also that a layer of benzol on the surface of an 
alkaline solution has no visible effect on the amount of fog produced. 
There is, moreover, the fact to be considered that in the absence of 
alkali fog is never obtained with any of the above solutions. 

The magnitude of the charge received by a gas during bubbling 
depends on the radius of the bubble (Bloch Ann, Chim. Phys., 1911, 
(8), 22, 370, 441; Fischer Wien. Ber., 1902, 111, 2 (a), 1,013), the 
smaller the bubble the greater the charge. But all the jets used in 
the j)rcsent experiments are larger than the maximum size for any 
definite charging of the gas. 

From the above sun'ey, therefore, it would appear improbable 
that any charges would be found on the fogs formed in the present 
series of experiments, and this is Imrne out by experiment. 
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A New Species of Fossil Arctocephalus from 
.Cape Kidnappers. 

By J. jiVll-IN Berry, M.B., M.S. 

IHead before the Hankers Bay Philosophical Society, 20th Anguat, 1920; 
received by JSd^Uor, 9th March, 1928; issued separately, 

May 30th, 1928.] 

Plate 33. 


The fragments of bone and the teeth which are about to be described 
were found some years ago by the late Mr. W. D. Southcott, of 
Hastings, at a spot a little beyond the Black Beef on the way to Cape 
Kidnappers. They wore imbedded in a cliff face about 20 ft. above 
sea-level and were overlain by about 200 ft. of shingle c*onglomerate. 
These deposits may provisionally be regarded as of early Pleistocene 
Age. The specimens were sent by Mr. H. Hill, of Napier, to the 
authorities of the Dominion Museum in Wellington, who very kindly 
placed them at my disposal for examination. Some of the differ- 
ences noted in comparison with the adult skulls of the species Arefo- 
cephalus Hookeri, to which it is allied may be due to the fact that 
the fragments obviously belonged to a young, and possil)ly a female 
animal. Not enough material was available to determine what differ- 
ences sex and age have in altering the various characteristics of the 
skulls of recent seals so that accurate comparisons could be made. 

Pig. 1 is an X-Ray photograph of the fragments with the teeth 
in position. 

Fig. 2 is an X-Ray pliotogi*aph of the mandible of a female 
Arctocephalus Ilookcri kindly lent me by the Dominion Museum 
authorities, and with which comparisons are made in the course of 
this paper. 

The main fragment is a portion of the left mandible, which is 
incomplete anteriorly, being broken off obliquely downwards and 
forwards in front of the third post-canino tooth. It bears the three 
posterior teeth in position, and the fractured surface has exposed 
part of the alveolus for the second post-canine, and also part of the 
alveolus for a large canine tooth. The general shape and proportions 
of the mandible resemble somewhat that of Arctocephalus Hookeri, 
The jaw is smaller, is less markedly curved, and from the shape 
and size of the canines the symphysis and anterior portion must have 
been much more vertically placed. As will be seen from the X-Ray 
figure, the bone-tissue of the alveolus of the canine is denser and 
more sclerotic in appearance than in Arctocephalus Hookeri, due to 
the heavier strains that it would have to meet, although relatively 
to the size of the teeth the bone is extremely fragile. The coronoid 
process is relatively less in height, and its posterior border, which has 
pffered abrasion, formed a more obtuse angle with the apex, which 
is also much less rounded than in the Arctocephalus Hookeri shown 
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in Pig. 2. The post-condyloid process is more sharply marked. 
There are several mental foramina, the largest apparently lying 
between the second and third post-canines, instead of between the 
first and second post-canines, as is constant in Arctoccphalus Hookeri, 
These foramina lie nearer the alveolar border than in adult animals. 

Portion of the left maxilla is present and bears a canine and 
two post-canines. It has been broken off through a line of fracture 
that is frequent in recent sfcuUs, viz., from within the nasal cavity 
posterior to the root of the canine, downwards and backwards to 
between the third and fourth post-canines. The general appearance 
shows a much steeper angle than in Arctoccphalus Hookeri. The 
mesial aspect shows a roughened surface for the articulation of the 
praemaxilla, which is completely missing. The palatal process is 
present in part, and presents a suggestion of a foramen in the 
suture line between the praemaxilla and the maxilla, directly medial 
to the canine tooth. The estimated condylo-praemaxillar^" length was 
about 14 cm., while that between the outer borders of the upper 
canines was 3.8 cm. 

Arctocephalus caninus n. sp. 

Dentition of Lower Jaw. — Prom the scattered teeth that were 
present it was possible to place in series the positions of the lateral 
incisor, the canine, and the fii*st and second post-canines. These teeth, 
while on the whole resembling Arctoccphalus Hookeri, show" slight but 
well-marked differences with the exception of the canine, which is 
markedly different. 

Canine. — This tooth prestmts not only notable differences in its 
gross form, but also in its X-Ray appearances. It differs from the 
canine of the adult Arctoccphalus Hookeri in being much shorter in 
relation to its width, and in the enamel crown not being so markedly 
reeurvc‘d. The base of the rwt extends backwards as far as the 
anterior plane of the third post-canine, whereas i)i Arctoccphalus 
Hookeri it usually <mds between the first and second ])ost-canines. 
Prom the tip of the tooth to its ba.se along tlie convex border if 
measures 4.38 cm. in length. The base is obvoate in section, measur- 
ing 1.7 cm. in its antei'o-posterior diameter and 1.1 cm. in its trans- 
verse diameter. The enamel ci*own has an average length of 2 cm. 
extending, as is usual, fuiiher down on the superior surface than on the 
inferior surface, and further down on the lateral than on the mesial 
aspect. The X-Ray shows a large pulp-chamber extending much 
fuii:her towards the tip than in Arctoccj^alus Hookeri. The large 
size of the pulp-chamber is characteristic of all the teeth, and is 
probably partly explained by the immaturity of the animal. A 
characteristic of the genus Arctoccphalus is the large inferior 
dental canal in order to provide adequate nourishment for 
the heavy dental batter>". In this specimen the canal is 
actually and relatively much larger than in Arctoccphalus Hookeri, 
due to the large size of the canine teeth. As is usual, the canal opens 
towards the upper border of the root. The enamel crown, as has 
already been mentioned, is not so markedly rCcurvcd as in 
Arctocephalus Hookeri. 
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Post-Canines. — ^All show the same general characteristics as in 
ArctocepT^alus Hookeri. The height and width of the enamel crown 
is actually somewhat greater, and the length of root considerably less, 
than in the Arctocephalus Hookeri of Fig. 2. This latter relationship 
is due to immaturity. The principal cusps are similar, and they all 
l) 0 ssess a well-defined beaded, cingulum. All have a distinct anterior 
accessory cusp particularly well marked in the three posterior teeth, 
these cusps become larger as they are traced backwards, and are 
directed almost horizontaUj^ forwards and inwards, whereas in 
Arctocephaliis Hookeri they are directed upwards and tend to be 
recurved towards the principal cusp. The posterior accessory cusp 
is missing in the first and second post-canines, is definitely marked 
on the third post-canine (it is usually absent in Arctocephalus 
Hookeri) ; there is only a suggestion of its presence on the fourth 
post-canine, as in Arctocephalus Hookeri \ and on the fifth post -canine 
it is large and well defined. The root of the first post-canine is single, 
the root of the second is double and has a longitudinal groove on its 
lateral aspect; while the third and fourth, which were imbedded in 
the bone, show evidence, on X-Ray examination, of similar grooves. 
The fifth post-canine shows two separate roots in addition, the 
anterior one directed forwards (as is usual in the Arctocephalus 
Hookeri), and the posterior one directed downwards and only 
]>artially developed. A very noticeable feature of all these teeth is 
the very large pulp-chamber — ^the posterior three show distinctly two 
nerve-roots entering from the inferior dental canal. In addition, the 
remnants of the dental sacs can be detected. 

The lateral incisor is a much longer tooth, both in the root and 
in the crowm than in the Arctocephalus Hookeri. It will be noted on 
referring to Fig. 2 that tlie vertical axes of the post-canines differ 
in relation to the long axis of the mandible. The third post-canine 
is the largest tooth and is almost vertically placed, while the two 
teeth in front are directed obliquelj^ forwai^ and the two posterior 
teeth are directed obliquely baclrwards, the first and last of the 
series having the greatest degrees of obliquity. The apical third of 
the anterior root of the last post-canine is curved forwards in relation 
to the long axis of the tooth and the root of the second post-canine 
is similarly curved. * 

In the fossil specimen, Fig. 1, there is only a suggestion of this 
fan-shaped disposition of the teeth, which is probably largely 
dependent on their articulation with the teeth of the upper jaw. The 
heavier teeth in the middle of the series would naturally tend to 
remain erect, while the smaller anterior and posterior teeth would 
tend, owing to the greater stress on one border (the teeth articulate 
by interdigitating) , to tilt either in an anterior or in a posterior 
direction. The degree of inclination would be more pronounced in 
a mature than in an immature animal. The forward curvature of 
the roots of the 2nd and 5th post-canines may be explained by the 
forward growth of the mandible carrying the partially calcifed roots 
with it. The alveolar process develops with the eruption of the teeth, 
and the erupted crowns consequently would not be influenced by the 
forward growth of the jaw to the same extent as the roots. The 
roots of the several teeth would be affected by this forward growth 
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in varying degrees, according to their position relative to tlie ossific 
centres of the mandible. 

Dentition of Upper Jaw . — The canine has the same general shape 
as the lower canine, but its curve is less marked and it is somewhat 
smaller. The width at the alveolar border is 1 cm., and the length of 
the enamel crown 2.2 em. The first and second post-canines present 
slight anterior cusps, as in Arctocephalus Hookeri. There is a slight 
diastema between the second and third post-canines, smaller than is 
usually present in adult Arctocephalus Hookeri. The two lateral 
incisors of the praemaxilla are also present. They are caniniform in 
character and present the same iieeuliarities as the canines. They 
measure 3 cm. in length, 1 cm. antcro-posteriorly at the base, and 1.8 
cm. transversely. Three other teeth are present — the lower canine of 
the right side, the second lower post-canine of the same side, and also 
the fifth left upper post-canine This latter tooth is very similar to 
Arctocephalus Hookeri, but the accessory cusps are .much more 
marked. AU these teeth are the sajme in having very large pulp 
chambers, and a similar dental canal to that in the mandible. The 
dental formation may safel> be assumed to have been — 

1 ic [ P(' •- 

Articulation . — As would be expected from the shape of the teeth, 
the articulation presents marked differences from Arctocephalus 
Hookeri. On close examination of tlu' enamel-crown on the outer 
aspect of the ridge which normall> forms a border on the labio- 
disrtal aspect of the lower canine, is an area of attrition of al)out 
2 mm. in length, and about 3 mm. from the tip of the tooth. On the 
labio-medial aspect of the corresponding ui)per canine is an area of 
attrition of about the same size, shape, and position. The lateral 
incisors of the U|)per jaw pre.sent slight areas of attrition on their 
mesial aspects close to the alveolar margins. On the lower incisor 
there is a corresponding attrition mark on the lateral aspect 

The various fragments described v'ere submitted to Professor 
Wood-Jones, who agreed that they belonged to a new^ and distinct 
species of seal, for wdiicli the name Antoccphalus caninus is proposed. 

The main jKnnts which diflferentiate this species are the shape of 
tlu‘ snout which must have been much blunter than the modern New 
Zi*aland hair-seal and the canines wdiich with the slighter differences 
in the other teeth, resulted in a somewhat different articulation. I 
have reason to believe that remains of fossil seals, although very rare 
in other parts of the world, are not uncommon in New Zealand, and 
that before long one may expect to find more comi)lete remains on 
which to base a fuller description of this animal. 

My thanks are due to Mr. A. R. Ford, for useful sugges- 

tions in i)reparing this paper. 
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A Definite Break in the Tertiary Sequence in 
North Canterbury. 

By R. Speight, M.Se., F.G.S., and (ieo. Jobberns, M.A. 

[Read before the Philosophical Institute of Canterbury, 1th December, 1927; 
received by Editor, 9th March, 1928; issued^ separately, 
tOth Auoust. 1928.] 

Pl.ATEH 34 - 37 . 

The question of the conformity or otherwise of the Cretaceous to 
Tpper Tertiary sequence in North (Canterbury has l)een under 
consideration since the beginning of the geological investigation of 
the })rovince, and it still presents points for discussion. The general 
statement of th(‘ case has been given in the paf>er by Marshall, 
Speight, and Cotton on the Younger Rock Series of New Zealand 
(1011), and the matter has been referred to by Morgan (1916) and 



by Thomson in his account of the Notoeene Geology of the Middle 
Wai])ara and Weka Pass District (1920), so that this need not be 
recapitulated. The present authors in the course of an examination 
of the shore-platforms in the vicinity of the mouth of the Hurunui 
came across an unconformity of which the evidence is so clear as 
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to leave no room for doubt, and this has prompted them to examine 
other localities in order to see if there is evidence of a break in a 
similar stratigraphical position. Such evidence has been found as 
indicates that the break is not a mere local feature, and the localities 
where it occurs will be taken in turn, commencing with that where 
the unconformity was first clearly detected. 

Mouth of the Hurunui. 

(Sections 1, 2, and Pigs. 1, 2, 3.) 

The only reference to the geological features of this spot is to 
be found in the paper by Speight and Wild on the Relationship 
of the Weka Pass Stone to the Amuri Limestone (1918) where a 
brief account of the beds occurring there is given. Very fortunately, 
on the occasion of the last visit of the present authors the river had 
swung away from the right bank above the bridge and thus they 
were able to get a clear view of the sequence of beds in the locality 

(Fig. 1). 

Lying unconformably on the greywacke are the following beds 
in ascending order, all striking N.«S. and dipping W. at angles of 
about 15®. (Section 1.) 

1. Calcareous Greensand, very glauconitic and with discontinuous 

calcareous layers and nodules running through it, resting 
unconformably on greywacke, and passing up into No. 2. 

2. Sandy, Argillaceous Limestone, i.e., a sandy marl, hard, tinted 

a greyish green, distinctly glauconitic. 

3. Amuri Limestone, the top layers showing the characteristic 

jointed stone passing down into flaky limestone with flaky 
argillaceous layers of finer texture, occasionally faulted. 

4. The ^ Nodular Layer,^ of Speight and Wild (1918). 

5. Calcareous Greensand, the glauconitic facies of the Amuri 

Limestone. 



Sectioin 1. 

Hurunui River, South Bank, above lowest bridge. Length — ^About 100 yards. 

1. Calcareous Greensands. 2. Sandy Marl. 3. Amuri Limestone. 4. Nodular 

Layer. 5. Calcareous Greensands. 6. Sands with Concretionary Layers. Mt 
Brown Beds. 7. Terrace Gravels. G. Greywacke. 

6. Sands, with concretionary layers and nodules, at times argil- 
laceous, usually brown in colour, but vrith occasiondly 
greenish layers. The sands are at times finely laminated, 
and are decidedly glauconitic immediately above the contact 
with the lower bed, where there are included pebbles and 
boulders of Amuri Limestone. They are very thick and 
underlie the ^eenish marls which form the beds under the 
Hurunui-Cheviot basin, i.e., the Greta Marls, whether con- 
formably or not could not be determined. 
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This description of the sequence differs slightly from that of 
Speight and Wild, chiefly as regards the beds under the Amuri Lime- 
stone, What was thought by them to be sands in position at the 
base of the series resting on the greywacke proves to be a detached 
mass of No. 6, resting unconformably on No. 2 with boulders of 
limestone at its base close down to river level. The present position 
of the stream has enabled this point to be settled definitely. 

The same series is exposed on the opposite bank of the river 
slightly further upstream, but the most interesting section is to be 
found on the cliffs at the south side of the mouth of the river. 

The following sequence is exposed here (see section No. 2, also 
Fig. 2). 

1. Marly hedSf flaky in texture, the usual facies below the Amuri 

Limestone in this locality, well stratified, with the beds 
slightly folded. 

2. Sands, brown in colour, with marked concretionary masses 

and layers in their upper portion but comparatively free 
from them in their lower levels. They rest on the denuded 
edge of the marly beds, and do not show any sign of their 
folding. About 7 ft. above the break there lies a bed com- 
posed chiefly of boulders and fragments of Amuri Limestone 
and occasional masses of marly greensand. 

These beds are overlain by gravels, which attain great 
thickness a few hundred yards away to the south, and 
• are probably the Kowai Gravels. These are in turn capped 
by recent terrace gravels. 



Section 2. 

Hurunui River, South Bank, at Mouth. Length — ^About one chain. 

1. Marly Beds. 2, Amuri Limestone. 3. Sands with Concretionary layers. 
Mt. Brown Beds. 3a. Fragments of Limestone and Marly Greensand. 

4. Gravels. 

The length of the section is about a chain, and at the upstream 
end there is a mass of Amuri Limestone which has been thrust up 
into the marls so that their ends are bent up by the movement, and 
the surface of the limestone slickensided. The fault is a reversed 
one and does not affect to the slightest extent the overlying beds 
numbered 3. The mass of limestone shows a bed of phosphatic 
nodules 18" thick, but it is quickly cut off by the river. 

For some little distance upstream the cliffs are difficult of access 
and the section obscured, but in a gully coming in from the south 
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there is an excellent section across the strike. The sequence here is 
as follows: — 

1. Limestone, with flaky facies forming tlie lowest exposed bed. 

On this rest with an erosion surface 

2. Hands, irregular in thickness varying from 0 U]) to 5 ft., 

containing fragments of Amuri Limestone. On this with 
marked erosion surface rest 

3. Hands eiudosing fragments, angular boulders, and large masses, 

up to 20 ft. in length, of x\muri Limestone, very rudely 
stratified. The fragments are of both facies of the limestone, 
i.e., thos(‘ in which the jointing is (i) quadrangular and (ii) 
flaky (Fig. 3). 

4. Hand, irregular in thickness. 

5. Fraymcniid layer. 

6. Phosyliaiic nodular hand, \cry well developed, sometimes 

splitting into two with a thin layer of sand intercalated. 

7. Thick beds of sand, with hard calcareous bands and nodular 

concret ions. 

S. Capped unconformahly with Kawai Gravels. 

All tlie beds No. 1 to 7, strike K.-W. and dip S. at low angles. 

In the big floaters of No. 3 are fragments of the phosphatic 
horizon. It cannot be asserted for certain whether or not the ))ands 
of phosphatic nodules are in })laces a re-concentratc‘ of thos(' formed 
at a lower level as a result of erosion. 

At the head of the gully is a waterfall, bedow which tliere is a 
fault which affects the two facies of Amuri Limestone ])ut not the 
sands above. The two levels of sand with interstratifled large masses 
are a counterpart of the beds seen on the cliff further downstream. 
Further upstream the banks of the river are inaecessilfle except by 
means of a l>oat, but when viewed from the bed of the river o])posite 
they show a definite erosion contact. 

The evidence in this case in favour of unconformity may be 
summarized as follows: — 1, The upi)er set of beds T*ests on a clear 
erosion surface; 2, The upper set of beds contains numerous and 
large fragments of the lower set; 3, The latter are folded while the 
former are not ; and 4, Faults affecting the lower set stop short on 
the line of junction of the two sets. Tins is convincing, and we do 
not know what more can be demanded except i)alacontological 
evidence, which unfortunately we cannot supply as we saw no fossils 
in any of the exposures we examined. 

On the opposite side of the river the evidence is etiually clear. 
Just l)elow the bridge on the bank of the river are marls with harder 
bands of limestone interstratified, dipping S.E. at angles of from 5° to 
10°, and these are overlaid unconformahly by sands, with calcareous 
concretionary layers and nodules, the kernels of the nodules being 
at times formed of Amuri Limestone and occasionally of a greyish 
marl. There is a cemented band of calcareous sandstone on the con- 
tact, which looks in places like a fault, but if so it does not affect 
the upper set of beds, and the evidence is on the whole against fault- 
ing being the cause of the occurrence. 

A little further downstream near the plantation at the mouth 
of the river the relationship of the beds is just the same. Sands. 
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with concretionary layers are laid on the top of flaky limestone 
with an erosion snrlace; large boulders of Aniuri Limestone, up to 
10 ft. in length, and of calcareous grecmsand, occur in sandstone, 
forming quite commonly kernels to the concretions, and angular 
pebbles form the layer immediately on the contact. In some places 
the lower set of beds is disturbed by faulting or folding, the faulting 
being apparently on a line with that on the south side of the river. 
Very large floaters of limestone, so large that they might be taken 
after a casual inspection to be actually, in i)()sition, occur in sandstone 
on the bank of the river at the upper end of tlie i)lantation. The 
evidence is thus strengthened by an examination of every exi)osure 
of these l)eds in the locality. The only points of importance to be 
considered are (1), what is the age of the uppcT set of beds; (2), 
what is the highest ])ed of the lower sen’ies involved in the break; 
and (3), does the ])reak occur elsewhere? 

In answer to the first (|uestion we can only use tlie test of 
Jitliological ri*sem])lance and of stratigraphical i)osition. The general 
character of the beds is the same as that sliown l)y the lower ])ortion8 
of the Mount Hrowni beds in their tyi)e locality. As these are 40 
fiiiles apart a correlation based on that alone is i)erhaps dangerous, 
but at interv(‘ning places, often continuous for mii(‘s, there an^ beds 
of similar lithological cliaracter which have always 1)een correlated 
by authorities w’itli the Mount Brown beds. Of course similarity in 
lithological charactei’ continuous over a considerable distance does not 
of itself imply contemporaneity in age, but it establishes a prma 
facie case for consideration. As far as the stratigraphical evidence 
is concerned vec can imly ))()int out that the b(‘ds at the mouth of 
the Jlui'unui underlie thi‘ Miocene Marls of the Ilurunui-dieviot 
basin which are coi-related with the (iri*ta or Motuiiau beds of the 
Weka Pass area. OonciTuing these Thomson lias remarked (1920, 
p. 304): “ No iH‘bbles of the underlying Notocene beds have been 
observed, nor has any clear unconformity with th(‘ Mount Brown 
bt*ils lieen detecteil, but a faunal break is such that one may well 
be suspected, and it is mo!*e than probable that outside the area 
an ovt‘rlap of these lieds on the pre-Notocene will be discovered.’^ 
.\o contact betw’(*eu these two sets; of beds w^as observed in the 
Hurunui which could help to solve this jiroblem. ' 

At the eastern base of l^endle Hill, some six miles AV.S.W. of 
the Hurunui moutli, massive shelly conglomerates of undoubted 
Blount Browui age are seen in the left liank of the Blyth river to 
overlie the (Irey Marls, though the actual contact is not seen here. 
These conglomerates ])assi up into soft brown sands precisely similar 
to those exposed in the south bank of the Hurunui below the bridge, 
atid these sands in turn ai’o overlain by sandy marls of the ^lotunau 
s(‘ries, expo8l»d in the bed of the sti'eam five miles from the sea. 
From this point the whole of the lower Blyth valley is occupied by 
thick beds of stratified gravel dipping south-easterly at low angles 
and unconformable to the Motunau beds. 

This exposure must remove any doubts as to the Mount Brown 
age of the sands at the Hurunui mouth, and it probably enables the 
gravels to be correlated with those of the Kowai series. Hutton 
(1877, p. 55) noted the presence of the Pareora formation in the 
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north head of the Blyth/’ and there can be no doubt that these 
are the beds referred to by him. 

In all the exposures at the mouth of the Hurunui the highest 
bed involved in the erosion-surface is the marly facies of the Amuri 
Limestone, but boulders of a calcareous slightly glauconitic sand are 
found above the contact, which proves that the break occurred either 
after the deposition of the greensand facies of the Amuri Limestone 
which overlies the ordinary facies, or after the deposition of the 
“ Grey Marl/^ It is somewhat difficult to distinguish between frag- 
ments derived from these two beds seeing that the Grey Mari’’ is 
frequently slightly glauconitic at its junction with the limestone, and 
it is possible that the greensandy facies of the limestone in one place 
may be correlated with the grey marl in another. 

The last question can be answered by an inspection of other 
localities where similar beds occur. For this reason a number of 
places were visited and an account will be given of them in turn. 

Port Robinson and Gore Bay. 

This locality is only a short distance from the Hurunui mouth, 
and similar phenomena were expected to be present. This proved 
to be the case. The beds at Gore Bav have been examined by Haast 
(1871, pp. 41-44), Speight and Wild‘(1918, pp. 79-80), and Hender- 
son (1918, pp. 171-4), but no mention is made of the break about to 
be described. This was discovered when a low tide enabled the point 
dividing Gore Bay from Port Robinson to be fully examined. The 
sea cliff rises here from a shore-platform cut in Amuri Limestone 
and its associated beds, to a former shore-platform at a height of 
from 230 to 250 ft. Although the sequence cannot be closely 
examined on the cliff face, a gully a few chains to the north enables 
the whole to be closely inspected, and the following is tlio result of 
an examination of both places, the sequence being in ascending order. 

1. Amuri Limestone of the usual facies. 

2. Calcareous Greensand, passing up into layers of less calcareous 

material, more glauconitic material with phosphatic nodules 
at the base. 

3. Greyish sand, containing small pebbles of Amuri Limestone 

and of the underlying calcareous greensand, with phosphatic 
nodules at its lower surface. Its thickness is irregular but 
with a maximum of 2 ft. It rests on an erosion surface 
of No. 2. 

4. Sands, alternating with argillaceous and calcareous beds, so 

that some layers are pure sand, others sands cemented 
with calcareous material, others sandy marl. They 
are more definitely sandy and cemented towards the top 
while towards the base they are more argillaceous, and with 
thin bands of cemented material. Their thickness is 150 ft. 
and they strike N.E.-S.W. and dip N.W. at angles from 15® 
to 20®. 

5. Gravels or Conglomerate, forming the Gore Bay syncline, 

composed of rounded pebbles of greywacke, highly oxidized 
and thoroughly cemented, with a thickness of at least 400 ft. 
The age of these bedsi is uncertain, but they have been 
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assigned to the Pliocene Haast^ while Henderson is 
doubtful as to their true age. 

6, Sandy Clay, with interstratified gravels and sands, the gravels 
thicker and more important at the base (the beds out of 
which the so-called ‘ Cathedral’ has been eroded), resting 
unconformably on Nos. 5 and 4. 

All the beds above the break appear to be more calcareous 
when traced across the shore-platform towards the north-east, and 
No. 3 bed contains fucoids,” so that it may be correlated with 
the so-called Grey Marl.” Faulting is quite a common phenomenon 
in the locality. 

The exposures on the north-west wing of the S 3 meline on the 
south side of the Jed are not so satisfactory, but fairly- high up on 
the face of the scarp above the road about half a mile from the 
beach, there is an occurrence of beds with calcareous concretionary 
laj^ers containing in places broken shells and small pebbles of Amuri 
Limestone, so there must be some break between the two sets of beds. 
No clear contact was seen owing to the surface being masked hy 
slip material, and any conclusion based upon such contacts as are 
visible under these circumstances must be unreliable. However, 
such evidence as there is supports the conclusions arrived at from 
the other wing of the sjmcline, and thus tends to confirm the con- 
clusions arrived at from a stud.y of the mouth of the Hurunui that 
there is a definite break between the beds overlying the Amuri Lime- 
stone and beds which can be assigned tentatively to the Mount Brown 
series. 


AMtJRi Bluff. 

This gives no section where a similar contact might be expected. 

CoNw^AY Rivi:r. 

Ill Haast’si account of the beds at the mouth of the Conwaj' 
reference is made to the occurrence of the ” Ore}* Marl” at the 
mouth of Limestone Creek. This we were unable to confirm although 
the place was carefully examined. In our opinion the exposure of 
sand at the mouth of the creek belongs to the beds exposed on the 
coast near Ilawkeswood further south, and is considerably higher 
in the Tertiary sequence, and certainly unconformable to the Amuri 
Limestone on which it apparently rests. 

As far as other reachesi of the Conway are concerned we can 
only say that the area is at present under examination by a student, 
and we do not wish to comment on it further than to say that there 
are indications of an unconformity between the Amuri Limestone 
and overlying marly beds in the vicinity of the Ferniehurst Home- 
stead, as recorded already by Haast (1871, pp. 39-40), and Hutton 
(1878, pp. 39-48). 


Motunau. 

The contact between the Amuri Limestone and the overlying 
greensand with the equivalent of the Mount Brown series in the 
Vulcan Gorge of the Motunau was carefully examined, but no 
evidence of a break was forthcoming. The conformity of the beds 
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seems complete, as is recorded in the paper by Marshall, Speight, 
and Cotton, an opinion which is, however, contrary to that expressed 
by McKay (3881, pp. 110-3) who places two breaks in the sequence 
exposed in the Motunau Creek, where we can find none. The only 
feature which might suggest a break is the fact that some of the 
faults which affect the Amuri Limestone do not affect the overlying 
Mount Brown beda, but this evidence is of course very slight and 
not convincing. 


Boundary Crekk. 

McKay (1881, p. Ill) gives a section through the gorge of 
Boundary Creek, showing an unconformity between his Mount Brown 
beds and his Pareora series. This conclusion must hav(‘ been based 
on the difference of dip of the beds in the gorge and near the old 
ford across the creek. Probably McKay did not trace the series 
sufficiently far downstream to note tliat the dip flattens regularly 
till, in the ^ncin^ty of the ford, the beds are bent up into a synclinc 
to })e followed immediately by a gentle anticline, below which they 
])reserve a low south-easterly dip to the sea. There is no ai)parent 
unconformity of dij) within the Mount Brown series or the overlying 
Motunau beds. 

The exposure of limestone at the top of the gorge is obscured 
by slips (Speight and Wild, 1918, p. 82) but these do not affect 
the clear contact shown betwenm a thick layer of marly greensand 
and the immediately overlying Mount Brown beds. This marly 
greensand is similar to that exposed in the Motunau River {Joe. cit 
p. 82) and is the local equivalent of the '‘Grey MarP' overlying the 
Amuri limestone, which, howe\er, is not seen in position here. Large 
angular blocks with abundant fucoids lie in the bed of tlu* stream 
below the slip on the south side, and the exposure in the cliffs a 
little to the north indicates that the limestone has thinned out very 
much in this locality. 

Near the bed of the stream the soft brown sands (Mt. Browm 
beds) are separated very abruptly from the underlying greensand 
by a thin well stratified layer of highly oxidized ferruginous mud 
forming a layer varying from 4 inches to a fraction of an inch in 
thickness. This layer is not continuous to the top of the cliff, the 
brown sands being penetrated by a wedge-shaped mass of the marly 
greensand. Nodular fragm^uits of ferruginous material occur spar- 
ingly in the upper few inches of the marly greensand. The Mount 
Brown beds strike N.E.-S.W. (mag.) and dip S.E. at 20°. 

Motunau River, South Branch. 

(Sections 3, 4 and Pig. 4.) 

The South Branch of the Motunau River near the Mount Vulcan 
Homestead affords further evidence. A section is given by McKay 
(1881, p. 117), and while we are in general agreement with his 
interpretation of the locality our opinion is divergent from his in 
several particulars. The Homestead of the station is placed on a 
hill composed of Upper Cretaceous sands dipping south-east, but 
a little to the north-west of the house the dip changes gradually to 
northwest, i.e., the house is placed near the axis of an anticline. 
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The dip is gentle at first, but it becomes moi’e and more steep till 
nt the point where a bed of limestone crosses the creek to the north 
of the house the beds are overturned as shown by McKay. But he 
gives no details of the section although it appears to us a singularly 
important one. Our description is as follows: — 

The limestone bod as exposed here has a strike in a direction 
approximately N.E.-S.W. and it apparently dips to the S.E. at an 
angle of from 60° to 65°. Parts of it show the Amuri facies and 
again other parts approaeli the Weka Pass Stone in appearance and 
are decidedly glauconitic. The limesitone has apparently been broken 



Near Mt. Vulcan Homestead. 

1. Cretaceous Sands. 2. Limestones. 3. Calcareous Greensands. 4. Marls. 



Generalised Section from Black Hills to East of Mt. Vulcan Homestead, 
across Upper Valley of South Branch of Motunau River^ North-east of 
Main Road, Distance — About 2 miles. 

1. Cretaceous Sands. 2. Limestones and Calcareous Greensands. 3. Marls. 

4. Sands with Concretionary Layers. Mt. Brown Beds. G. Greywacke. 

Sections in Upper Valley of the Motunau Ri\er, South Branch. 

across by faults ruLuiii^ at riji^ht angles to the strike so that its north- 
westerly 1‘aee forms a s(‘ries of steps, and sliekensided surtaces are 
common. There has been a considerable amount of Iwal disturbance 
of the liedsi as the limestone on the ercst of the hills immediately 
to the north-east and to the south-west has the normal dip, i.e., it 
forms the north-western wing of a great anticline striking N.E. and 
S.W. 

In contact with the limestone and apj)arently dipping under 
it conformably bn the north-w^estern side is a bed of calcareous 
greensand with the usual phosphatic-nodule layer on the contact 
sparingly develoi)ed but still distinct. This greensand bed becomes 
less and less glaucontic and more and more marly as the distance 
from the limestone increases and passes up without any apparent 
break into the marl. Both facies contain fucoids, and the marl 
contains concretionary layers. In a small gully about a chain away 
from the limestone is a fault running north-east and on its north- 
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west side the beds dip more steeply. They consist here of loose 
brownish sands, and greyish marly beds, i.e., typical ‘‘Grey Marl,” 
occasionally concretionary, diping S.E. at high angles and continuing 
for half a mile towards the old Montserrat homestead. The marls 
and the sands are interstratified throughout the distance mentioned. 

The cross-faults affecting the limestone present some difficulties. 
As far as one can see they do not affect the marl, and the upper 
cross-fault exposed on the face of the spur may after all be an 
erosion surface. If so, then erosion has taken place after the green- 
sand facies has been laid down and the conformity is only apparent. 
If the phenomenon is due to faulting then, since this does not affect 
the marl and does affect both the limestone and the calcareous 
greensand, there is some slight evidence for an unconformity between 
the calcareous greensand and the marl, although the former 
apparently passes up gradually into the latter. So much movement, 
however, has taken place that conclusions based solely on observa- 
tions at this locality are dangerous, and an accurate inference can 
be arrived at only in the light of observations elsewhere. 

Our tentative opinion of the history of the beds at this spot is 
therefore as follows. The limestones were laid down conformably 
on the sands forming the heart of the anticline. They were suc- 
ceeded apparently conformably after some interval by calcareous 
greensands. These beds were faulted, perhaps eroded (though 
this is very doubtful) and marls were deposited on the resulting 
surface. Then a deformational movement resulted in the beds being 
folded into an anticline and in the immediate proximity of this spot 
they were overturned. How far away from the limestone the over- 
turning movement extends we cannot say definitely owing to the 
absence of exposures. A few hundred yards to the south-west along 
the strike in the upper basin of the south branch of the Motunau 
River there is a syncline, and the same is probably true towards 
the north-east, so that the section where overturning has taken place 
can only be of short length. 

There ia one small point to note in conection with the marls, 
viz., at one place underlying a concretionary layer there is a bed 
of finely-broken shells containing angular fragments of marl, which 
suggests a minor break within the limits of the marls. This is 
entirely analogous to the break seen elsewhere under the Mount 
Brown beds, but it is not so pronounced. 

The clearest prof of unconformity between the marls and the 
Mount Brown beds occura in the south branch of the Motunau just 
above Mr. Wcbley^s house and between it and the Montserrat 
Homestead. As mentioned above the general structure of the upper 
basin of this branch of the stream is synclinal, the axis of deforma- 
tion running north-east and south-west approximately. The two 
peaks Oldham and Montserrat of the Mount Cass Range both formed 
of limestone, are the two wings of the syncline, and between them 
the crest of the range is formed of marls and Mount Brown beds. 
Along the axis of the syncline north-cast from the line of the road 
the beds are involved in minor folds — anticline and sjmclines — ^with 
occasional faulting. Just opposite the old Mountserrat Homestead 
there is a well-marked reversed fault with a throw of some 50 feet 
or more. The general trend of these structural features is parallel 
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to the direction of the valley, and where the stream outs across the 
beds good exposures are to be seen, and especially is this the ease 
between Mr. Webley^s house and the old station homestead, and 
also in the reach of the stream above Mr. Webley’s house. The 
stream has here eroded a deep channel for some distance along the 
axis of an anticline, so that the contacts between the marl and Mount 
Brown beds are exposed over a length of about a quarter of a mile. 

Wherever the contacts between the two sets of beds can be seen 
their character is the same. In placesi bandsi of rock occur with 
broken shell-fragments, but in all cases there are pebbles of marl, 
occasionally forming nuclei to the concretionary layers of the upper 
set of beds, lying as a rule on a definite erosion-surface. The follow- 
ing description of a contact just above the Montserrat Homestead 
may be taken as typical : — 

1. Marl — a sandy calcareous clay, typically grey in colour. 

2. Sandy facies of No. 1. 

3. Bed consisting of pebbles and boulders of marZ, up to 2ft. in 

length, well consolidated, composed almost entirely of 
boulders, the bed from 2 ft. to 10 ft. in thickness. 

4. Shelly fragments, with occasional fragments of marl, the layer 

from 2 ft. to 4 ft. in thickness. 

5. Alternating sands and concretionary layers. 

To the north-west of this locality the marls arc found to rest 
on the Cretaceous beds without the intervention of the limestones 
or greensands, as is the case in the basin of the North Branch of 
the Motunau just over the ridge from Tipapa. This suggests an 
unconformity between the marls and the Cretaceous series, but dues 
not affect the contention as regards the conformity or otherwise of 
the Marls and the Mount Brown beds. 

The latter form a well-defined escarpment south of the Omihi- 
Montserrat road to the west of the area just described. This was 
not closely examined, but the sections across it in the vicinity of 
Mr. Croft’s house near Omihi were investigated in some detail. In 
three of the gullies of streams running down through his property 
there arc contacts between the two sets of beds substantially the same 
as those further east, and the sections here are all tlie more instruc- 
tive since there is a occurrence of a complete sequence of beds from 
sands with black oysters and saurian bones, through limestones, 
calcareous greensands, and marls, with the usual break dividing 
them from the overlying Mount Brown beds and the closing beds 
of Greta marl. The correlation of the Mount Brown beds with beds 
of similar lithological character and in a similar stratigraphical 
position can thus be made. 

At one of the contacts in a creek west of the homestead there 
are numerous sharks’ teeth {I sums desori) associated with the frag- 
mentary layer. In Smothering Gully, further west still, no proper 
contact was found where it was expected, but the beds are involved 
in faulting and away from the zone of disturbance the relationships 
are obscured by the covering of soil and slip material. 

Weka Pass. 

In view of our discoveries at Hurunui a careful examination 
was made of the contact between the Mount Brown beds and the 
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'HIrey MarF' in the classic and much. discussed locality in the Weka 
Pass, and a definite break was discovered at the spot where it was 
anticipated it mij^ht occur. This is situated at the cliff-face above 
the Weka Pass Stream, just opposite Mr. Archer's house, near the 
43 f -mile post on the railway, and is referred to by Thomson (1920, 
]). 361, and Plate xxi., Fig. 2). He says concerning it, The con- 
glomerate rests upon soft grey sandstone, of which the few feet 
exposed show no bedding, so that the presence of an unconformity 
cannot be definitely asserted, l)ut the presence of derived fragments 
of sandstone in the overlying limestone makes it probable." Hutton 
had placed the break between the "(ircy Marl" and the Mount 
Brown beds at a higher stratigraphical level than we do, at a point 
about two chains nearer Waipara, but we are of the opinion that 
the phenomena displayed there are more satisfactorily explained by 
faulting. 

Our description of the occurrence on the cliff-face coincides 
in general with that of Thomson, except that we do not see the 
necessity to postulate the presence of a fault to account for tlic 
irregularity. Our reasons against the fault are as follows: — (1), 
Tliere is no evidence of dislocation in the railway-cutting in close 
proximity nor on the face of the cliff upstream, i.e., the beds are 
continuous above; (2), the underlying marl is continuous and shows 
no break; (3), there is no appearance of the sandy facies of the 
marl at the end of the cliff, which should show if the downthrow' 
w'cre to the north; (4), if faulting is used to explain the contact 
on the northern side then the dowmthrow must be to the south 
since sandstone layers of the Mount Brown beds butt against *‘(}rey 
Marl." 

The section exi)os(‘d in the railway cutting is as follows: — 

1. Limestone, sandy, and composed largely of shelly and bryozoan 

fragments. 

2. layers with angular fragments of “ drey Marl," up 
to 8 inches in diameter, getting finer and finer, through 
fi'orn 10 to 12 feet of thickness, one lay(‘r, 18" thi(*k, being 
composed almost entirely of fragments. Thest‘ fi’agments 
are visible on both sides of the cutting. 

3. Sandy beds, with irregular concr(*t ionary bands. 

These horizons can be traced round the face of the s])ur and 
the cliff towards the stream in their pro])er positions. On the cliff 
face the ''Orey Marl" and its upper sandy facies appear and rest- 
ing on them are Mount Brown beds with interstratified sandy 
concretionary bands, the contact being ai)parently an erosion- 
surface. At the junction there is a conglomerate com])Osed of 
rounded and angular fragments of the lower beds, rounded i)ebblcs 
stained with oxide of iron, and numerous shell-fragments — molluscs, 
bai’nacles, bryozoans — as desc*ribed by Thomson, the whole thoroughly 
cemented into a hard mass by means of calcium carbonate. The 
angular fi*agments are numerous and vary in size up to 4 ft. Part 
of the face is masked by sinter, and on both sides of the contact 
are concretionary layers of sand, parallel to the junction, and 
'Cemented as similar layers are at the Hurunui. 
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It seemsi to us that this oeciirronec is due first of all to the 
erosion of the ''Grey MarF' and its upper sandy facies, and that 
a deposit of the upper beds has been laid down on a shore-line 
where there has been eonsiderablo wave-action, for tlu^ fossils are 
rounded and abraded. The character oL* the contact is practically 
the same for a couple of chains, and ax)art from the al)sencc of 
faulting and foldinj' of the lower lx*ds, is exactly analojifous 
to that at the mouth of the Hurunui. There is also a su^f^estion 
of unconformity from the fact that the sandy facies of the marl 
shows a much less thickness at this sj)ot Ilian further to the north- 
east, pointing? to the existence of an irn^^nilai* sui*face which may 
be due to erosion of the sjoft incoherent layer. 

The evidence is therefore fairly strong? that in sjiite of the 
a^i^reement of dip and strike of tlie Mount Brown beds and the 
“ (Jrey Marls” there is a jihysical break, but Thomson has come 
to the conclusion on palaeontoloj'ical grounds that there is no great 
faunal break between the two sets of beds. 

MiDDLi: Waipara Gorge. 

(Pigs, f), 6.) 

This also is an im[)ortant locality in view of the attention it 
has attracted. The places likely to give clear contacts being in 
the river-bed itself and on its banks, these* were t*xamined closely, 
but the only place where the evidence suggests a break occurs at 
the junction of Boby’s Greek with the main stream and just above 
it. About 150 yards above the junction in the bed of the main 
vSti\‘am is a contact analogous! to those s(»en elsewlii'rc* Resting 
on sandy grey marl is a bed of sandy limestone containing nunu'rous 
r('mains of finely-comminuted shells with angular fragments of the 
underl.ung marl, up to 8 inches in length. This can be traced 
downstream for over a chain ^^hen the river covers the contact 
(Pig. 5). The beds here strike N.E.-S.W. (mag.) and uhen 
followed do\\nstream further there is no appearance of tins bed 
in the bank where it should occur in pro])er alignment, but about 
a chain to the south-east there is a clear erosion-surface with masses 
of marl of large size, i.(‘., yards in diameter, and also irregular 
fragments of smaller dimensions grading down into pebldes (Pig. 
6). The sequence here is as follows: — 

1. (trey mndy marl, with occasional concretionary layers, 

usually in detached masses. 

2. Fragmentary layer, comymsed of round and sub-angular 

fragments and masses of large size from Ixxi No. 1, the 
lower portion definitely current bedded and composed of 
smaller rounded fragments. 

3. Calaireous sandy beds with many harder concretionary 

layers passing uj) into the Mount Brown sands and Lime- 
stone, the Lower Limestone of Thomson (1920, pp. 357 
seq.) These beds contain in their lower portions sandy 
calcareous layers comi)osed of shells with fragments of 
marl scattered all through, the layer with shells being 
exactly analogous to that seen upstream. 
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The face of this exposure fronting upstream to the Waipara is 
over 50 ft. high, and we think it must be the same as that referred 
to by Thomson {loc. cit., pp. 358-9). There has been a considerable 
change in the river banks owing no doubt to the recent severe floods, 
and for this reason Thomson was perhaps unable to determine 
the extent of the break. 

We considered the possibility of this break being due to some 
local and, geologically speaking, fairly recent erosion-phenomenon, 
and decided against it; but we are of the opinion that this does 
apply to a great detached mass of Mount Brown limestone which 
rests against a marly surface also belonging to the Mount Brown 
series close to this spot in Boby’s Creek. It is remarkable, however, 
that this mass contains numerous fragments of marl as inclusions, 
which also emphasizes the break between the marl and the Mount 
Brown beds. There is thus decided evidence of a break without 
angular unconformity in the series as exposed in the Waipara 
River, and in such a position as may fit in with the break below 
the Mount Brown beds elsewhere. This section, however, emphasizes 
the difficulty of deciding what beds must be included in the Mount 
Brown Series and what in the Grey Marls,’’ seeing that there 
is a close similarity in the lithological character of the beds forming 
the base of the former and the top of the latter. This is after afi 
not so remarkable since the lower set of beds, especially if they 
are of soft incoherent character, will naturally furnish a consider- 
able quantity of the material for the upper set and will therefore 
resemble them more or less closely in lithological features. Thomson 
notes the similarity of the fauna of the two sets of beds and there- 
fore infers conformity, but without questioning the accuracy of his 
observations or conclusions we should like to be in a position to 
know whether the fossils from the ^'Grcy Marl” on which he 
bases his conclusion, were from above or below the break as it occurs 
in the Waipara. 


• Lower Waipara Gorge. 

This locality was naturally expected to furnish a contact 
between the Grey Marl” and the Mount Brown beds, but an 
examination of the cliffs below the pronounced loop in the gorge 
gave no satisfactory evidence. Over beds which were undoubtedly 
the '' Grey Marl,” judging by its stratigraphical position, litho- 
logical character, and continuity with the Grey Marl” beds 
exposed over the limestone on the Dovedale road, lay sandy beds, 
with well-defined richly fossilifcrous concretionary layers, inter- 
stratified with which were occasionally sandy marly layers. Owing 
to the covering of surface-slip the nature of the contact could not 
be seen. On the upstream side of this loop marls are exposed and 
apparently involved in some dislocation or discordance, but it is 
practically certain that these marls represent beds interstratifled 
with the Mount Brown beds, and any conclusion based on their 
features would be unreliable. However, in a creek coming down 
from Mount Cass, parallel with the Dovedale road, and entering 
the Waipara River through a narrow goi^ cut across the strike 
of the beds, there is a very suggestive section. 
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On the north-western side of this stream along the Dovedale 
road is the typical development of Amuri Limestone passing up in 
many places without any definite line of demarcation into the Weka 
Pass Stone, and over this lies the ‘‘ Grey MarP’ in which the creek 
has been eroded on the surface of the limestone. On the south-east 
side of the creek the marl forms cliffs capped by the sandy facies 
of the marl, and further south-east still occurs the parallel escarp- 
ment formed out of Mount Brown beds. Thus the beds show their 
normal stratigraphical relationship. The creek flows south-west in 
the marl, practically parallel with the strike, but on approaching 
the main stream it cuts across the strike, and as the beds are tilted 
at angles of about 60° a good opportunity is given to study their 
relations. 

On the surface formed out of the sandy facies of the marl lie 
concretionary gravel beds, showing an abrupt change, with markedly 
irregular surface, as if eroded on the sandy marls, the contact 
containing fragments up to 4 ft. in length of the underlying beds. 
The gravel beds are full of fossils. Of course one must be very 
careful in postulating unconformity when a gravel bed lies on 
incoherent material with an irregular under-surface, but a similar 
contact can be observed in various places along the line of this 
particular bed, and there is additional evidence of the break from 
the fact that between this bod and the marl further downstream 
near the loop of the river referred to above there is a thickness of 
sands with concretionary fossiliferous layers, amounting to some 
hundreds of feet, whereas in the locality mentioned above the gravel 
bed lies directly on the sandy facies of the marl. This indicates 
overlap, and the inferential unconformity of the upper set of con- 
formable beds with the lower set. 


Waikari River. 

The stratigraphical relationship of the beds exposed in the lower 
part of the valley of the Waikari Creek was investigated at several 
points. .About a mile above the junction of the stream with the 
Hurunui River there is the following section; — 

1. Greywacke, with granitic conglomerate, striking N.E.-S.W. 

and dipping at high angles, almost vertical. 

Lying unconforably over these are; — 

2. Sands, yellow to brown, with calcareous concretionary bands. 

3. Greensands, very glauconitic. 

4. Sands, light-coloured to yellowish. 

5. Marls, greyish in colour with harder more calcareous bands, 

occasionally flaky, more glauconitic in the top layers. 

6. Band of oxidized fragments, very well defined and covered 

by an irregular concretionary layer. 

7. Glauconitic marl with occasional fragments of oxidized 
1 material 12in. to 18in, thick. 

S. Sands, with concretionary layers, i.e., the Mount Brown 
horizon. 
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The junction is not so marked as elsewhere and the general 
texture of the beds suggests somewhat different conditions of deposit, 
all the beds involved being finer in grain and more marly. Iloweveiv 
about half a mile up one of the two creeks opposite the (ireta 
Railway Station, the break is clearly seen. Large rolled fragments 
of flaky grey marl and of sands from the underlying beds occur at 
the junction of the Mount Brown beds with the sandy facies of the 
underlying marl. This is analogous to the phenomena seen else- 
where at this horizon. 

There is another case of unconformity at a higher level to be 
seen in this locality. In the first railway-cutting past the home- 
stead, (Ireta Marls with fossils (Turritclla, etc.) are overlain uncon- 
formably with gravel-beds containing abundant shell-remains and 
fragments of (Ireta Marl near the zone of contact. At the junction*’ 
of the creek which runs past the homestead and the Waikari Creek 
the contact is marked by large boulders and angular blocks of the 
su])jacent beds. A suggested tentative (*orrelatiou of the gravellr 
bed is with the Kowai (Jravels. 


Near the Ethelton Railway Bridoe. 
a. Hurunui River. 

On the left bank of the Hurunui River juMt above the junction 
of the KaiwaiTa Stream the following se(|uence is exposed. 

1. Greywacke — at mouth of Kaiwarra Stream. 

2. Hands — grey and yellow sands with concretions, greensands. 

3. Marls — grey, brecciated and distorted. 

4. Marly greensands. 

5. Brown and grey sands with hard calcareous bands and con- 

cretions (Mt. Brown beds) — these appear 150 yards 
upstream from the mouth of the Kaiwarra. The ui)])(n' 
part of the grey marls is involved in a fault, on which is 
a small exposure of brecciated limestone — very greensandy. 
The fault does not disturb the small exposurt* of mariy 
greensand and the immediately overlying Mount Brown 
beds, the junction between thest' being quite clear near the 
bed of the stream. The lower hard calcareous band of the 
Mount Brown series shows a flat undersurface pitted with 
holes from which ferruginous inclusions have weathered. 
The contact is very similar to that exposed in the lower 
portion of the Waikari Creek — i.e., the change from the 
marly greensand to the overlying brown sands is very 
abrupt and the contact marked by a thin zone of ferruginous 
matter weathered to a deei) brown. Here one large irregu- 
larly lenticular inclusion of marly sand occurs 4 ft. above 
the junction. The sands of the Mount Brown series strike 
10° E. of N. (mag.) and dip westerly at 70°, but the dip 
of the underlying marly greensands, though apparently 
conformable, cannot be determined with certainty. 





Fid. 1. — View of the Hiiruniii River from near Lower Bridge looking west, 
and showing Tertiary Beds on left. The beds on the point are 
Amurl Limestone, Mount Brown Beds are in the middle of the 
section, and greensands and greywacke under the bush in the 
foreground. 



Pio. 2. —View of the mouth of the Hurunui River, from near bridge, looking 
east. The limestone and associated marl show up white near 
river level on both sides of the stream, and the Mount Brown 
Beds overlying them unconformably are darker in colour. The 
high cliff is capped with gravel. 


Faoep. m. 
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Fig. 3. — Mount Brown Beds with included mass of Amuii Limestone on 
right, view taken in gully on south side of mouth ot Hurunui 
River. 



Fig. 4.— Limestones and marls near Mount Vulcan Hd. The limestone is 
overturned; the marls witli concretionary layers show in the 
gully on the left of the picture. Approximate contact of lime- 
stone and marl shown by the line. 





-Mount Brown Beds lying unconformably on marl just abo\e junction with Boby s Creek 
The large angular masses in the middle of the bluff are of grey marl, which Is in 
position on the right of the picture The bluff is capped with Mount Brown Beds 
with characteristic concretionary layers, which are also seen on the extreme left. 
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On the right (south) bank of the river there is no 
exposure of the beds lying between the grcywacke and the 
Mount Brown beds which here strike a little to the west of 
north and dip westerly at They form high bluffs 

and pass upstream into the grey sands and sandy marls 
(Greta beds) occupying the main portion of the synclinal 
basin. 

b. Kaiwarra Stream. 

The same series of beds can be traced upstream from its 
junction with the Hurunui, viz: — (1) Greywacke. (2) Sands, (3) 
Marls — lower beds breceiated and disturbed, the upper becoming 
very grecnsandy. (4) Mount Brown beds. 

Some 300 yards upstream from the mouth, the junction between 
the Mount Brown bods and marly greensands is marked by a thin 
layer oL* very ferruginous nodules, the lower calcareous band in 
the Mount Brown beds being here jointed into quadrangular blocks. 
Where the first ]>end of the stream is eroded iiractieally on the 
strike of the beds, the contact betw'een the Mount Brown sands and 
the underlying marly greensands is highly irregular. If this area 
had not been so much disturbed it might have been slated quite 
d('finitely that this indicates deposition of the Mount Browm beds on 
an erosion surface. 


Summary and Conclusions. 

It will be seen from the above descriptions that over a wude 
area there is evidence of a physical break between the Marl and the 
Mount Brown beds; only in the Motunau Gorge of all the localities 
cited is there no evidence of such. Perhaps tlie evidence is not so 
strong ill the later cases as it is in the ease first described, but it 
in still suflicient. The only proof w^anting is that deiicndcnt on the 
fossil-content of the two sets of beds, rnfortunately the “Grey MarP' 
is somewhat poor in fossils ; in many cases none have been recorded, 
and in the most-studied locality, viz., the Wt*ka Pass and Waipara, 
there is no evidence of a faunal break; in fact, on the fossil evidence 
Thomson (1920, pp. 356-363 and 386-396) concluded that the two 
sets of beds should be grouped together. Hutton (1888, pp. 257-9) 
considered that they should be separated. It is iiossible, however, 
that more complete collecting in localities not yet exploited may 
support the evidence obtained from physical considerations. A 
specially favourable locality for this work would be the Lower Wai- 
])ara Gorge and the tributary coming in from Mount Cass. 

There in one aspect of the case wliich ohould be considered, viz., 
the possibility that the contacts just described may after all be 
normal when a marl, sandy marl, or soft sandstone changes upward 
to a bed of similar lithological character. We admit that the change 
of such a bed to a conglomerate or gravel-layer ma.y be attended by 
int(U’formational erosion, since the change in lithological character 
implies the onset of conditions where strong currents are operating, 
depositing coarae material and at the same time causing erosion of 
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the underlying incoherent beds, but this hardly operates when the 
change is from one soft bed to another of similar non-resistant 
material. Also, the reason why such breaks have not been definitely 
recognized, maybe that the material of the upper set of beds must 
in many such cases be derived directly from the lower, and hence 
must resemble it in composition and frequently in texture. However, 
judging from the form of the fragments in the cases under considera- 
tion it is clear that the consolidation of the lower set of beds had 
taken place before they were subjected to erosion, and this implies 
a considerable time interval. 

There is also the general absence of angular unconformity 
between the two sets of beds to be accounted foj. In some cases, 
as at the Hurunui mouth and in the South Branch of the Motunau, 
this does occur, but in general there is no obvious difference in 
angle between the two sets of beds. This has been commented on 
by most writers, although Hutton and McKay have insisted on 
differences which we cannot confirm. This absence of angular 
unconformity implies that erosion took place as a rule while the 
beds were lying flat, and that the upper set was also deposited flat 
and that tilting took place subsequently. It is unreasonable to 
assume that had tilting taken place in the interval between the 
depositions the conformity in angle could have been so general. 
In cases where there is an angular discordance, as at the Hurunui 
mouth, it is clear that the break took place near an old sea-cliff, 
cut in the limestones and marls, it being impossible to account for 
the very large blocks with gravel-beds and rolled shell-fragments in 
any other way, and it emphasizes the point that the mere presence 
of large fragments in older beds does not of itself imply glacial 
conditions unless other evidence of ice-action is there to confirm the 
supposition. We refer to the supposed glacial conglomerate in the 
Hokonui Hills as an illustrative example. Such deposits, composed 
of large blocks of limestone and marl, may be seen now forming 
at the base of limestone and marl cliffs on various stretches of the 
present coastline. 

Finally, reference has been made to the possibility of a break 
below the Grey Marl,’’ as indicated in the sections at Port Robin- 
son, and perhaps near the Mount Vulcan Homestead and in the 
Conway near Femiehurst, but the question has little relationship 
to the break at the top of the marl, and can be left to future con- 
sideration. 

In advancing the present hypothesis we understand that it will 
provoke discussion, especially as one of us has maintained the con- 
formity of our Cretaceous and Tertiary sequence. It is possible that 
some other explanation of the phenomena we refer to may be 
advanced, and may indeed be substantiated against us, but we feel 
that such discussion will result in adding to the general knowledge 
of the stratigraphical geology of a critical area, and that alone 
justifies us in submitting the question of the conformity or uncon- 
formity of our Tertiary sequence for reconsideration. 
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The Recent Mollusca of the Chatham Islands 

(Most of the material on whteh this paper is based was colleeted 
by the Otago Institute party at the Chathams tn the summer 
of 11) Vt.) 

By H. J. Finlay, D.Se. 

[Read befoie the Otago Institute, November 9th, 1026; received by the 
Ediivj), '7th May, 1028; issued separately, 

10th August, 1928.^ 

pLAfis 38 - 43 . 

Cor 4 r..ECTi()N« of shells were early made from this loealit}’, mostly 
by H. L. Travers. Numerous specimens eaine into the hands of 
Captain Hutton, who, in his Catalogue of the Marine Mollusca of 
New Zealand^ 1873, was the first to jyive a connected account of this 
molluscan fauna. He frequently refers to the Chatham Islands in 
the distribution of the shells he records, and describes a number of 
new species which he states occur there alone. This rather scattered 
list is not substantially altered in the Manual of New Zealand 
Mollusca of 1880, nor in Suter s standard work of the same name 
(1913), except that the distribution of most species had in the interim 
been considerably extended, with the result that in the latter work 
the only two species reported as from this locality alone are the 
European Corhula gihha (which, of course, has no rif?ht to ap])ear in 
any New Zealand list), and Dentalium opncwm (the identification of 
which appears to be equally worthless). In contrast to this, some 30 
species are noted in the present revision as endemic to the Chathams, 
and some of these arc so characteristic and distinct that only de])lor- 
able lumphif? could merf?e them with mainland forms. Thus Hatton s 
statements, fifty years old though they are, have proved substantially 
correct — a tribute to his jj^ood work — and his views on the distribution 
of many of the (^hatham shells WTre sound. Consideration of these 
endemic species, and of the relationships of oth(‘r forms will be dealt 
with in the summary at the end of this account. 

The systematic list itself, which follows, is based as regards order 
of families and genera, etc., on Hedley's admirable Check-List of the 
Mollusca of New South Monies, 1918, with the necessary emendations 
noted by Iredale in the Proc. Linn, Soc. New South Wales, vol. 49, 
Pt. 3, pp. 179-278, 1924. As the order is thus often considerably 
different from that followed in Suter's Manual, a page reference is 
given wherever posvsible to SuterV description of the species dealt 
with. Pull references and sjmonymy have, however, in no case been 
given, as these are in general easily obtained by looking up the single 
(and most important) reference placed opposite the species name. 

As Suter^s Manual embodies all records previously made, I have 
taken it as the standard of refenmee for Chatham Island shells, but 
I have usually mentioned his records only when the species has not 
occurri^d in the collections seen by me. 

Those collections are from sc'veral sources, and comprise shells 
(a) sent to me by friends from the Chathams, (b) beach shells col- 
lected by Messrs. Young, Allan, Marwick, and Martin, members of 
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the present expedition, (e) taken from rock-pools, and stomachs of 
cod, by Messrs. Young and Allan (for a list of the latter, sec summary 
at end), (d) in the Otago University Museum, presented by Miss 
Shand. Altliough I have thus had much available material, it is 
unfortunate that so little of it was fresh, the great majority of speci- 
mens being badly beach-worn. This has made the work considerably 
more difficult and liable to error, and has i)revented satisfactory 
identification in several eases. Many more new species could have 
been described, but it was thought safer to await belter material; 
those here described are mostly the more prominent and characteristic 
forms. The Chatham minutiae, especially, arc quite incompletely 
known, very little shell-sand being sent to me for sieving. Thus, 
though the present list is fairly complete as regards the beach shells, 
and sufficiently emphasises the main features of the fauna, it is still 
very incomplete, and dredging would add abundantly to the number 
of small forms recorded. 

In this list, all gr()U])-names ai*e treated equally as full genera; 
this is by far the handiest method for future reference, siives much 
space, and is no inconv(*nience to those likely to consult the list. 
Those who ]>refer to observe the sub-generic and sectional proprieties 
may reclassify the groups as they wish. Many of the generic names 
used will be unfamiliar, but a full reference has always been given, 
and nearly all will be found in two ])apers by Iredale (1915 and 
1924), and one by Finlay (1926) (see bibliography at the end). 

To save space, the following contractioiLs have been used through- 
out this paper: — 

T.N.X.I.’ — Transnefions of the Xav Zioland Jnsiifuie. 

P.L.S.N.S.W. — Proceedings of the Linncan Society of New 
South Walis, 

P.R.S.Tas, — Proceedings of the Rojfol Society of Tasmania. 

P.M.S. — Proceedings of the Malacological Society (London). 

P.Z.S. — Proceedings of the Zoological Society (London). 

Types of all new species described, and specimens of all the 
forms reported on are preserved in my ow’ii collection. 

Note . — All new names published in my Further Commentary 
on New Zealand Molluscan Systematics, ’ ' and all references to this 
X)aper, should be dated 1926. I have sev(‘ral times referred to these 
in that paper itself as “ Finlay, 1927,” under the impression that it 
would not appear till that year, and Marwick in the ‘‘ Veneridae of 
New Zealand ” has done likewise, but the paper was first issued on 
December 23rd, 1926, and all novelties in it should bear this date. 
But the new names in the ‘ ^ Additions to the Recent Molluscan Fauna 
of New Zealand — No. 2,” and in the New Specific Names for Aus- 
tral Mollusca,’^ also published in T.N.Z.L, vol. 57, did really, on the 
other hand, ai)pear in 1927. 

Class CEPHALOPODA. 

Order DIBRANCHIATA. 

Family Spirulidae. 

Spirula Lamarck, 1799; Menu Soc. H.N., Paris, p. 80. 

Spirula spirula (Linne, 1758). Suter, 1913, p. 1047. 

5 specimens. 
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Family Argonautidae. 

Argonauta Linne, 1758; Syst, Nat,, ed. 10, p. 708. 

Argonauta argo Linne, 1758. Suter, 1913, p. 1066. 

2 broken specimens. This species is not recorded from Australia^ 
but Iredale has found it at the Kermadecs {F,M,S,, vol. 9, p. 72, 
1910). It is possible that our forms would be better referred to the 
variety 'pacifica Dali, 1869 (Amer, Nat,, vol. 3 p. 237), characterised 
by compressed shell and pronounced auricles. 

Class AMPHINEURA. 

Order LORICATA. 

As I understand that Mr, W. R. B. Oliver, of the Dominion 
Museum, is examining ‘'Chitons^’ from the Chathams, and as the 
material forwarded to me was very scanty, I make no remarks on 
this group. Suter (1913) records nine species from this locality; 
Iredale (1915) has shown that two of these, Acanihopleura (jumulafa 
Gm. and OnitkocMton semisculptns Pilsb. should be re.j(‘cred, and 
that the names of the others mostly require amendment, so that the 
list of Loricates recorded from the Chathams at present stands as 
follows : — 

Plaxiphora (Maorichiton) codata (Reeve, 1847^ 

Plaxiphora {McLorichiton) schauinslandi Thiele, 1909. 

Ldboplax violaceus (Q. and 6., 1835). (Iredale, in P,M.S., vol. 
12, p. 101, 1916, has stated that Maccmdrellns may fall as 
an absolute synonym of Notoplax,^^ and in P.L.S,, N,S,W,, 
vol. 49, pt. 3, p. 214, 1924, uses Notoplax, Ashby (P,M,S,, 
vol. 17, p. 16. 1926) uses Notoplax, subgenus Loboplax 
Pilsbry, proposed for this species. 

IschnocMton maorianus Iredale, 1914. 

Sypharochiton pellisserpentis (Q. and 6., 1835), 

Sypharochiton sinclairi (Gray, 1843). 

Onithochiton neglcctus Rochebrune, 1881. 

Class GASTEROPODA. 

Order DIOTOCARDIA. 

Family Scissurellidae (vide Iredale, 1924, p. 215). 

Scissurella D’Orbigny, 1823; Mem, Soe. H.N., Paris, p. 340. 
Scissurella, n. sp. 

No true Scissurella has yet been reported from any of the pro- 
vinces of the Maorian Sub-region, but an undescribed species has 
been known to me for some time from Dunedin Harbour (3 to 60 
fathoms), and as a fossil, in the Castlecliff beds. It is related to 
8, ornaia May (P,R.S. Tas, for 1908, p. 57; PI. 6, Figs. 4, 5) but 
has fewer ribs. A second new species from New Zealand is repre- 
sented by a single specimen picked off a hydrazoan from the Chat- 
hams; it differs in having still more ribs than omata, and the fascicle 
not on the periphery but half-way between it and the suture, the 
spire is not so flat as in the Mainland form, and the body-whorl 
more convex. It would, however, be unsafe to describe a species of 
this genus from a unique example. 
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Sinezona Finlay, 1926; T.N.Z,L, vol. 57, p. 341. 

Sinezona subantarctica var. 

Hedley {Austr, Antarct, ExpecL, vol. 4, pt. 1, MoUusca, p. 36, 
1916) desipribed Schismope suhantarciica nov. from a single 
specimen from a worm tube collected on Macquarie Is. From the 
Lyall Bay S, hrevis Iledley and the Otago Peninsula S. laevigata 
Iredale, this diiBfers in obsolencc of sculpture ; a single specimen from 
the Chathams generally agrees with Iledley ’s species, but the sculp- 
ture is slightly stronger and there is a slight fasciole behind the 
perforation which slightly angles the body-whorl. Miss Mestayor 
{1\N,Z,L, vol. 51, p. 130, 1919) has reported S. suh-antarctica from 
Lyall Bay and 50 fathoms off the Snares; the Snares species is 
certainly different, while the Lyall Bay form may be the same as 
the Chatham shell, which I prefer not to describe from one specimen. 

Family PissimuLLiD ve. 

TugaU Gray, 1843 ; Dieff, N,Z., ^ol 2, p. 240. 

Tugali suteri (Thiele, 1916). Finlay, 1926, p. 344. 

Common; described from the Chathams, and restricted to that 
region, the related mainland form being subsp. bascauda Hedle}. 

Tugali cf. elegans Gray, 1843. Finlay, 1926, p. 344. 

One much worn specimen, obviously different from suferi, has 
a trifid sinus-rib and so belongs to the clegans^pannophoidea group, 
but is too daanaged to determine accurately. The Oligocene T, aranea 
Marwick {T,N.ZJ. vol. 58, p. 474, 1928) from Pitt Island, may be 
allied. 


Montfortula Iredale, 1915; T.N,Z.L. vol. 47, p. 433. 

Montfortula chathamensis n. sp. (Figs. 34, 35.) 

Shell very similar to M, conoidea (Reeve), but less elongate and 
relatively higher, oblong rather than oval in shape. Ribs less 
unequal, all rather coarse, the quadruple arrangement of conoidca 
being much less marked. Apex deeidedl.y nearer the front, the 
anterior slope being almost straight instead of wnvex. For the 
name conoidca (Reeve) for the common Peronian Australian shell. 
vice Ilemitoina aspera (Gould), see Iredale, 1924, p. 216. 

Length, 13.5 mm., width, 10 5 mm. ; height, 6.5. mm. 

Corresponding dimensions for conoidca: — 13.5; 9.5; 5.5. 

Three specimens, the holotype well preserved. 

Emarginula Lamarck, 1801; Syst. An, s. vert., p. 69. 

Emarginula striatula valeutior n. subsp. (Figs. 56, 57.) 

Differing from the species in far more robust habit ; shell higher 
and thicker, sculpture coarser; the growth tendency is to produce a 
shorter shell, more spread out fanwise posteriorly, and less regularly 
elongated; the apex thus tends to become more centralised and is 
notably higher. The type of striatula Q. and G. was a dredged 
northern shell, and these, as Suter remark, arc always fragile and 
thin, small, and with delicate sculpture; he also notes, ‘"the largest 
specimens I have seen are from the Chatham Islands, and they are 
fairly solid (1913, p. 100). The littoral shells are always coarser 
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in build than the dredg^ed ones, but, apart from this, Chatham and 
South Is. shells seem to be higher and less elongate than their 
northern relatives, and it is for them that I form the new subspecies ; 
deep water southern shells may require further separation later. 

Length, 21 ram.; width, 15.5 mm.; height, 12 mm. 

Corresponding dimensions of an Auckland beach shell here 
figured (Fig. 58) as the northern expression of striatula, 16.5: 11: 
6.5. 

4 beach-worn, but well preserved shells from the Chathams 
(including the holotype), and numerous specimens from South Is. 
beaches. 

Two Oligocene forms of the striatula type have been described 
by Marwick (1928, pp. 473, 474) as E, pittensis and galcrifonnis. 

Incisnra Iledley, 1904; Rec, Ausfr, Mus. vol. 5, p. 91. 

Incisura Ijrtteltonensis (Smith, 1894). Suter, 1913, p. 98. 

One specimen. 

Monodilepas Finlay, 1926 ; T.A.Z.Z., vol. 57, p. 343. 

Monodilepas skinneri n. sp. (Fig. 59.) 

Quite distinct from monilifera (Hutt.) in elongated, sub- 
rectangular shape, rather crass test, and different sculpture. Sides 
parallel, ends regularly and subequally rounded; in monilfera the 
sides rather rapidly converge, owing to the marked widening of 
the shell behind, and attenuation in front. Shell quite solid, interior 
margin flatly bevelled off. Radial ribs coarse and somewhat 
indistinct, interstices generally much narrower; distinct reticulation 
present only just below foramen, elsewhere the concentric ribs are 
mainly rough corrugations on shell: monilifera has distinct thread- 
like radials (with much wider interspaces) strongly reticulated all 
over by raised sharp threadlets, concave outwards, distributed dis- 
continuously between the radials. Interior foramen-callus rectangu- 
larly oval in shape; a little pointed anteriorly, but otherwise not 
triangular as in monilfera. Keyhole shape of foramen very ])ro- 
nounced from all aspects. Animal much too wide and long for shell. 

Length, 21.5 mm. ; width, 14 mm. ; height, 5 mm. 

One animal, with the shell attached, from a fish’s stomach, almost 
fresh. Named after Mr. H. D. Skinner, archaeologist and leader of 
the Expedition. 


Family Haliotidae. 

Haliotis Linne, 1758 ; Sysf, Nat,, cd. 10, p. 779. 

Haliotis iris Martyn, 1784. Suter, 1913, p. 94. 

Haliotis australis Gmelin, 1791. Id., p. 93. 

Haliotis virginea Gmelin, 1791. Id,, p. 95. 

All comanon, especially ausfraUs; young shells very plentiful. 
Hopkinson {P.Z.8., 1907, p. 1035) has shown that the correct date 
of Gmelin ’s work is 1791, not 1790, as Suter has written throughout 
the Manual. 
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Family Trochidae. 

Coelotrochus Fischer, 1880; Coq, Viv., j). 417. 

Ooelotrochus huttoni (Cossman, 1918). Finlay, PJLS., vol. 16, pt. 

2, p. 100, 1924. 

Four specimens, agreeing absolutely with Otago Heads shells 
and Castlecliff fossils. I have seen no iiaratus (Q. and G.) in the 
collections sent to me from the Chathams. 

Thorista Iredale, 1915; T.N.Z.L, vol 47, p. 436. 

Tharista viridis (Gmelin, 1791). Suter, 1913, p. 110. 

Common. 

ThoristeUa Iredale, 1915; T,N,Z.L, vol. 47, p. 436. 

Thoristella chathamensis (Hutton, 1873). Suter, 1913, p. 107; 

Finlay, 1926, p. 350, 

Common. When Hutton described this species (Cat. Mar. Moll., 
p. 36), he recorded it from '‘Chatham Islands only^’: this is much 
nearer the truth than the distribution given in the Manual, which has 
alread,y been conunented on by Iredale (1915, p. 436). The only 
other locality from which 1 have seen specimens that could be reason- 
ably referred to chafham(7isis is Stewart Is. As Suter \s diagnosi.s is 
a composite one, and Hutton’s is sketchy, 1 present a new description 
of the essential features: — 

Shell wide, not high; base flat. A strong Imsal keel projects 
as a rim just above suture on spire-whorls; 7 equal flat spiral cords 
per whorl, interstices linear. Axials may be quite obsolete, or 
restricted to coarse crenulations of the intrasutural cord ; when fully 
developed there are about 20 elongated nodular swellings on bod}'- 
whorl, reaching from suture half-way over whorl, and about 14 low 
undulations on i)eripheral keel. Colour-pattern striking, dark-brown 
or sienna zigzag stripes and dots on an almost white backgrouiid ; the 
dull green of oppressa and dimed in ensis absent. For some further 
details, see comparison with fossilis Finlay (1927, p. 350). 

2\ oppressa (Hutton) is recorded by Suter from the Chathams, 
but is unlikely to occur there, and may be rejected. 

Melagrapbia Gray, 1847; P.Z.S. (Lond.), p. 145. 

Melagraphia aethiops (Gmelin, 1791). Suter, 1913, p. 116. 

Common. 

Zediloma Finlay, 1926; T.N.Z.L, vol. 57, p. 352. 

Zedilama arida Finlay, 1926 (coracina auct., not of Philippi). 

See Suter, 1913, p. 114 (as coracina), and Finlay, Z.c., p. 353. 
Juvenile shells very common. 

Suter has also recorded three other Monodonts from the 
Chathams, viz., Zediloma digna Finlay (as M. nigerrima, but not of 
<imclin), Z, (Fractarmilla)7norio (Philippi), and Cavodiloma cora- 
etna (Philippi) (as M. excavata Ad. and Ang.), but I have seen no 
specimens of these. For these genera and name-changes, see Finlay, 
1926. 
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Cantharidus Montfort, 1810 ; Syst, Conch., vol. 2, p. 251. 

Cantharidus opalus (Martyn, 1784). Suter, 1913, p. 124. 

There seem to be two forms of this shell; one tall and rather 
narrow, with contracted base, narrow aperture, and straight or but 
very slightly concave sides; the other squat and wide, with very 
wide base, large aperture, and strongly-concave sides. The latter 
form is the only one I have seen from the Chathams, but I have only 
four adult specimens; juveniles, though very plentiful, cannot be 
grouped with certainty. The tall form seems to predominate on the 
mainland, but as I have a squat specimen amongst others from 
Stewart Is., and another from the North Is., I hesitate to separate 
these groups definitely till more material indicates the wisdom or 
error oL* so doing. It is difficult to state what Suter 's record (1913, 
p. 131) of Thalotia conica (Gray) is based on; it must, of course, 
be rejected. 

Micrelenchus Finlay, 1926 ; T.N.ZJ., vol. 57, p. 355. 
Micrelendhufi sanguineus (Gray, 1843). Suter, 1913, p. 128. 
Micrelenchus tenebrosus (A.Ad., 1853). Suter, 1913, p. 129. 
Micrelenchus tenebrosus huttoni (Smith, 1876). Suter, 1913, p. 129. 
Micrelenchus dilatatus (Sow., 1870). Suter, 1913, p. 123. 

Four examples of the first, one of each of the next two, the last 
very common. Marwick (T.N.Z.L, vol. 58, p. 475, 1923) bas 
reported M, rufozona (A.Ad.) from the Pliocene of Titirangi, but 
the specimens differ in base, piUar, and {^owth habit from this North 
Cookian form, and are nearer sanguineus, but have a rounder 
periphery and more expanded aperture; probably a new species 
should be erected. 


, Family Talopiidae nov. 

Tliis seems to be needed for the various Minolioid genera such 
as Talopia Gray, 1842, Minolia A.Ad, 1860, Talopcna Iredale, 1918, 
Spectamen Iredale, 1924, Antisolarium, Canominolia, ZeminoUa, and 
Zetela, all of Finlay, 3926, but not Ethminolia Iredale, 1924; of these 
Talopia is the oldest name, and may be taken as the foundation of 
the Family. Solariella Wood, 1842, and Machaeroplax Friele, 1877, 
perhaps belong here, but, being northern groups, may be more closely 
related to other associations. Thiele has placed these in his subfamily 
Margaritinae, but Iredale has noted {Rec, Austr. Mus., vol. 14, No. 4, 
p. 258, 1925) that, as far as Austral species are concerned, this should 
be termed Stomatellinae, and to the Euchelus-Siomatella series the 
Austral Minolioids show little resemblance. 

Antisolarium Finlay, 1926 ; T.N.Z.I., vol. 57, p. 359. 

Antisolarium egenum (Gould, 1849). Suter, 1913, p. 141. 

Several specimens. 

Family Calliostomidae. 

Maurea Oliver, 1926 ; Proc, Mai Soc,, vol. 17, p. 108. 
Maureatigris (Martyn, 1784). Suter, 1913, p. 148. 

3 shells. I can observe no differences in Cookian, Forsterian, 
and Moriorian i^ecimens. 
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Maurea cunninghami pagoda (Oliver, 1926). Pror. Wal. Soc,, vol. 

17, p. 112 ; also Finlay, T.N.Z.I,, vol. 57, p. 485 ( as cunning- 
hami regifica). 

2 typical specimens. The only Tertiary Maurea from the 
Chathams {finlayi Marwick; 1928, p. 476) is not related to these two 
species. 

Mucrinops Finlay, 1926 ; T.N.Z.L, vol. 57, p. 360. 

Mucrinops punctulata (Martyn, 1784). Suter, 1913, p. 146. 

2 specimens ; curiously enough they belong to the typical Cookian 
form, and not to the Forsterian var. urhanior. It is quite possible 
that the two forms represent stational rather than regional \ariaiits, 
but this may be elucidated later. 

Sutor^s record, following Pilsbry, of if. spectahilc (A.Ad.) from 
the diathams is probably based on an aberrant pvnctulatum. 

Family 8tomatei.lidat:. (vide Finlay, 1926, p. 371.; 

Herpetopoma Pilsbry, 1890; ifan. Conch, (1), ^ol. 11, p. 430. 

Herpetopoma bella (Hutton, 1873). Suter, 1913, p. 149. 

Common; type comes from the Chathams; recorded othei’wisc 
only from tlie Cookian region. 

Margarella Thiele. 

Margarella fulminata (Hutton, 1873). Finlay, 1926, p. 357. 

Very abundant, restricted to the Moriorian province, and one 
ol’ its most characteristic shells. Marwick T,N,ZJ., vol., 58, p. 475, 
1928 describes a Margarella runcinata from Oligoccne beds at Wai- 
tangi, but compares it with decepia Iredalc rather than with 
fuhninala; it is imperforate. 

Family Umboniidai:. 

ZethaUa Finlay, 1926; T.N.ZJ., vol 57, p. 369. 

Zethalia zelandica (A.Ad., 1854). Suter, 1913, p. 171. 

3 specimens. Also found in the Pliocene at Titirangi. 

Family Liotiidae. 

Liotella Iredale, 1915 : T,N.Z.L, vol, 47, p. 442. 

Liotella n. sp. aff. poly pleura (Hedley, 1904). 

A single specimen, not worth description at present, is closely 
related to polypleura, but has many more axial ril)s, and the inter- 
stices appear to be striate. 

Family Tubbinidae. 

Modelia Gray, 1840 (?). 

Modelia granosa (Martyn, 1784). Suter, 1913, p. 163. 

Common. Hutton named a young shell from the Chathams 
Liotia (Arene) shandi (Cat, Mar, Moll,, p. 35, 1873) but Moriorian 
specimens do not seem regionally separable from typical Cookian and 
and Forsterian forms. 
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Imperator Montfort, 1810; Conch, Syst,, p. 199. 

Imperator heliotropium (Martyn, 1784). Suter, 1913, p. 166. 

One shell, three opereula. Ancestral at the Chathains may be 
the Oligocene I, anthropophagus Marwick {T,N.Z,I., vol. 58, p. 477, 
1928). 

Cookia Lesson, 1832 ; Illust. Zool, vol. 15. 

Cookia sulcata (Martyn, 1784)). Suter, 1913, p. 167. 

Not uncommon, especially young shells. These latter seem to cor- 
respond exactly to Webster’s Asiralium pyraynidalc {T.N.Z.f., vol. 37, 
p. 276, 1905) which Suter places in the synonymy of the subsp. 
davisii Stowe, 1872, for which the earliest name seems to be Risella 
kiclmansegi Zelebor, 1866, as I have already pointed out (1926, 
p. 368). 


Families Acmakidae and Patellidae. 

A critical account of these, as regards the Chathains, must be 
left to some future investigator. Suter has recorded some twelve 
species of the two Families, but only three were brought to me, and 
only badly worn beach specimens of these, so it would be absurd to 
offer any critical notes. The Acmacai; r(*corded by Suter are: — 
Patelloida corticata (Hutton, 1880), P, pcrpUxa (Pilsbry, 1891), 
Aialacmea fragilis (Sowerby, 1823), Conacmea parviconoidea (Suter, 
1907), and R^tacmea rubigtnosa (Hutton, 1873). I have seen only 
the latter from this locality; it is common as a dead shell, and was 
described from here; Oliver (r.A^Z./., vol. 56, p. 565, 1926) has 
restricted it to the Chathains, and notes that it is separated by its 
broader and more elevated shell, more central apex, and more distant 
ribs from the mainland inconsptcua (Gray), which, under the 
synonymic name cingulata Hutton, is the orthotype of Radiacmea 
Ircdale. P. perplexa (Pilsb.) should be rejected from the Neozelanic 
fauna, and it is very probable that the record of corticata is based 
on beach-worn rnbiginosa, which is very variable. Marwick has 
described {T.N,Z,L, vol. 58, p. 473, 1928) an interesting Pliocene 
form from Titirangi as Atalacamea data) it is probably ancestral 
to fragilis. 

Seven species of Cellana are recorded by Suter: — emtipoda 
(Smith, 1874), dcnticulaia (Martyn, 1784), radians earlii (Ileevc, 
1855), r. affiinis (Reeve, 1855), r. fiava (Hutton, 1873), redimiculum 
(Reeve, 1854) and strigilis (H. and J., 1841). Iredale has given notes 
on these and other species (1915, pp. 430-432), rejecting antipoda as 
not of Smith, and affinis as preoccupied, and uniting strigilis and 
redimiculum. However, I have noted (1926, p. 337) that ndimicu- 
lum may be retained for the mainland shells, macquariensis, terroris, 
and strigilis (= illuminata) being names for Russian forms. The 
common Chatham limpet is of this style, and may be united pro, tern. 
with the Forsterian shells as Nacella redimiculum (Reeve, 1854). 
The only other limpet seen from the Chathams is a CeUana of the 
radians type, and is perhaps what Pilsbry named Acmaea Chatham- 
ensis; it may be left under this name till a good suite of fresh speci- 
mens,* can be examined. 
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Order MONOTOCARDIA. 

Suborder TABNIOQLOSSA. 

Family Littorinidae. 

Melarhaphe Menke, 1828; Synop, Mcth. Moll., p. 23. 

Melarhaphe zelandiae Finlay, 1926. T.N.Z.L, vol. 57, p. 375. 

Coiumon; = mawritiana Sutcr (1913, p. 188), not of Lamarck. 
Malarhaphe cincta (Q. & G., 1833). Sutcr, 1913, p. 187. 

Eight very young specimens are more regularly acuminate and 
less inflated than those referred to the previous species, and probably 
belong here. 


Family Bkmbiciidak. 

Kesteven (Rec. Anstr. Mns., vol. 4, 1902) showed that Risella 
(Jray and Riscllopsis Kesteven were entitled to group distinction from 
the Littorinas, and so proposed the Family Risellidae. Hedley 
has merged this in the Family Littorinidae, but the aperture forma- 
tion and details of anatomy seem to indicate separation from the 
M(l/irliaphr-Tecianus association. B<mhicium Phil, having sup- 
])1 anted liisdla (tray, the family name therefore becomes Bembiciidae 

Risellopsis Kesteven. 1902; Bee. Ausf. Miis., vol. 4, No. 7, 
p. 319. 

Risellopsis varia (Hutton, 1S73). Suter, 1913, p. 191. 

Fommon 

Risellopsis varia carinata Kesteven, 1902. Suter, 1913, p. 192. 

Common. It is doubtful whether it is at all useful to maintain 
a sejiarate name for the earinate form; as there are all gradations 
at every locality, the one never occurring without the other. It might 
be interesting to study the relative abundance of the two forms at 
different localities. 


Family Kissoidae. 

Haurakia Irodale, 1915; T.X.Z.L, vol. 47, p. 449. 

Haurakia hamiltoni (Suter, 1898). Suter, 1913, p. 200. 

One s])ecimen. This is typically a (^ookian species, but Tredale 
{T.N.Z.I., vol. 40, p. 393, 1908) has recorded it as found alive in 
si‘aweed-Avashings at Banks Peninsula. 

Merelina Tredale, 1915; he., p. 449. 

Merelina plaga Finlay, 1926. T.N.Z.L, vol. 57, p. 378. 

4 specimens, differing at sight from the Lyall Bay lyaUiana Suter 
but agreeing well with Snares Is, shells. Marwick {T.N,Z.I., vol. 58, 
p. 478, 1928) compares his M. avita (Oligocene, Pitt Island) with 
lyalliana rather than with plaga. 

Subonoba Iredale,, 1915; l.t\, p. 450. 

The forms of this genus, as also many species of Esta, Nofosetia, 
and Bardamilay cannot be satisfactorily determined until the Suter 
types are available for study. There are so many new species of 
them all, and Suter 's descriptions are so inadequate and his figures 
so wretched, that it is an impossibility to identify most of the 
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forms at present. Of Suhonoha I have three species from the 
Chathams, S. cf. fumata (Snter), S. cf. insculpta (Murdoch), and S. 
n. sp. ; 6 specimens of the second, one of the first and last. The 
new species is badly worn and not worth description. 

Estea Iredale, 1915 ; Lc., p. 451. 

Estea n. sp. aff. zosterophila (Webster, 1905). 

For reasons just stated I do not describe this, thouj?h it is 
plentiful at the Chathams and in the Forsterian province. It is the 
southern analogue of the Cookian zosterophila, being much larger and 
more solid. 

Estea minor (Suter, 1898). Suter, 1913, p. 211. 

Common. I have already stated {T.N.ZJ., vol. 55, p. 487, 
1924) that this is a distinct species from zosterophila. 

Estea n. sp. afi. minor. 

Not uncommon ; larger and wider than minor, with a still more 
capacious aperture. 

Estea sp. cf. subfusca (Hutton, 1873). 

One worn specimen, with the upper part of the spire lost, but 
evidently with a very high spire, and a small aperture. 

The two Pliocene species described by Marwick (T.N.Z.L, vol. 
58, p. 478, 1928) fis E. insulana and E. subtilicosta do not seem to 
be related to the Recent forms. 

Austronoba Powell, 1927; T.N.Z.L, vol. 57, p. 541. 

Austronoba martini n. sp. (Figs. 12, 13.) 

Close to A. carnosa (Webster, 1905), but somewhat stronger in 
build, rather wider, spire relatively shorter, the whorls less convex 
and the sutures consequently shallower. 12-14 very indistinct axials 
per whorl on early whorls alone, absent on last two whorls; spirals 
distinct, especially on lower whorls, about 30 on body-whorl, about 
14 on penultimate. Spire IJ times height of aperture, which is as 
in carnosa, but the peristome is less incomplete, rather thicker, and 
less effuse below. Colour, sienna or mauve-brown, a narrow white 
band along the middle of the whorls, and sometimes a second on base ; 
the shells are all beach-worn, so the colour when fresh is probably 
darker. 

Height, 2.7 mm.; diameter, 1 mm. 

10 specimens. Austronoba does not seem to have been previously 
reported south of the Cookian Province; it is thus very interesting 
to find it at the Chathams, as it mu.st have come there from the north. 
Oliver (T.N.Z.I., vol. 47, p. 519, 1915) has recorded both Onoba 
carnosa and 0. candidissima (Webster) from the Kermadec Province ; 
I have not seen the latter, but Kermadec specimens of the former 
evidently represent a new species, being smaller with markedly convex 
and frequently angled whorls, and strong persistent axials, etc.* 


•Since this was written, Powell has described both these as new species, 
Avstronoba oliveri and A. kermaOecensis respectively (T.N.Z.J., vol., 57, 
p. 542). 
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Rissoina D’Orbigny. 1840; Voy. Amer. Mer., p. 52. 

Bissoina chathamensis (Hutton, 1873). Suter, 1913, p. 220. 

Very common, but mostly worn; described from here. Marwick 
(1928, p. 479) has referred a single Oligoccne specimen to this 
species. 

Dardanola Iredale, 1915 ; T.N.Z.I., vol. 47, p. 452. 

Dardannla olivacea (Hutton, 1882). Suter, 1913, p. 225. 

Common. The Chatham specimens are divisible into three 
groups, probably of specific value, but elaboration of this difficult 
genus must be left for a future occasion. 

Family HvDBOBnDAE. 

Potamopyrgos Stimpson, 1865; Am. Journ. Conch., vol. 1, 
p. 53. 

Potamopyrgus antipodum zelandiae (Cray, 1843). Suter, 1913, 
p.. 231. 

Not uncommon. 

Potamopirrgus badia (Gould, 1848). Suter, 1913, p. 231. 

3 specimens. Suter reports P. corolla (Gould, 1847) as the only 
Chatham species, but the three angled and spinous shells I have 
seen from there are far better referable to hadia than to corolla. 

Family Calyptbaeidae. 

Zegalerus Finlay, 1926 ; T.N.Z.I., vol. 57, p. 392. 

Zegalerus crater Finlay, 1926, l.c. 

2 specimens; they are the only Recent specimens I have seen, 
and I cannot separate them from typical Nukumaruian fossils; both 
are boach-wom. The species is common in the Pliocene sands at 
Titirangi (Marwick; T.N.Z.I., vol. 58, p. 480, 1928). 

Sigapatella Lesson, 1830; Zool. Coquille, vol. 2, p. 389. 

Sigapatella novae zelandiae Lesson, 1830. Suter, 1913, p. 285 
(as maculata Q. and G). 

Common. 


Family Cebithiidae. 

Zeacumantus Finlay, 1926; vol. 57, p. 380. 

ZeacumantUB subcarinatoz (Sowerby, 1855). Suter, 1913, p. 239. 

Common; includes tricarinata (Hutton, 1883), also reported by 
Suter, but not a distinct form. 

Lyroseila n. gen. Type: Seila chathamensis Suter, 1908. 

Lyroseila ohathamensiB (Suter, 1908). Suter, 1913, p. 252. 

Examination of perfect apices of this species has shown that it 
cannot be referred to Hebeseila Finlay, as I tentatively placed it 
{T.N.Z.I., vol. 57, pp. 382, 385, 1926), but constitutes a distinct 
group. The embyro is of three whorls, the first smooth, depressed, 
and consisting of a blunt, almost Caricelloid point, rapidly develop- 
ing a median keel and passing into the strongly sculptured next two 
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whorls; these have, as Suter states (only he considered them as 
shell- whorls, the protocoiich being of one smooth whorl only^O, 
“2 cinguli, the upper of which is inconspicuous, but the lower one 
is thick and prominent’^; the cinguli pass into the shell proper 
rather imperceptibly, without any varix, the change being marked 
only by the bifurcation of the lower rib, so that the following whorls 
bear three subequal spirals ; the whole embryo is slightly wider than 
the succeeding whorl, so that it interrupts the straight outlines of 
the spire, and projects as a bluntly-pointed cylinder. This apex 
differs radically from’ those of hulbosa Suter, and terebelloides 
Hutton, the genotypes of Heheseila and Notoseila respectively, and 
the species itself has a Pliocene ancestor in 8. huttoni Suter {N.Z.G.S. 
Pal. Bull, No. 2, p. 16, 1915). This differs only in its more convex 
whorls and deeper sutures, the embryo being exactly the same; no 
pre-Pliocene member of the group is yet known. 

Re-examination of more abundant material does not enable me 
to separate Recent Cookian and Moriorian specimens of chatharnensis 
(I have seen no Forsterian examples, though the type is from 
Poveaux St.), so I still feci that Suter \s cochleata (1913, p. 252) 
should be i*educed to a synonym. 

Iredale (1915, p. 455) has noted that the specific name tereheU 
loides must be credited to Hutton rather than von Martens. He 
quotes Suter ’s statement that Hutton’s name has priority by one 
month, ’ ’ which is not quite correct, the preface to the Cat. Mar. Moll. 
N.Z. being dated May 7th, while that to the Crit. List, bears the date 
October 25th, so that there is more than five months’ clear priority. 
Now Hutton merely reproduces von Martens’ description, giving no 
locality, but saying: ‘‘ This is the same as my Cerithium cinctum'* 
(the type of which, from Stewart Is., is in the Dominion Museum, 
Wellington). Von Martens in his account merely states that the 
specimens were sent by Dr. von Muller ^'with the statement that they 
came from New Zealand. ” Now I cannot at prestmt separate northern 
and southern s])ecimens oL* terebelloides, but it is desirable that a type 
specimen and locality should be fixed for every si>ecies as far as 
possible. I therefore here nominate Stewart Is. as type locality, and 
select the type of C. cinctum Hutton, 1873, as neotype of Notoseila 
terebelloides (Hutton, 1873). 

Family Turritellidae. 

Maoricolpus Finlay, 1926 ; T.N.Z.I., vol. 57, p. 389. 

Maoricolpua roseus (Q. & Q., 1834). Suter, 1913, p. 270. 

8 examples. 


Family Lippistidae. 

This, as Iredale has indicated (1924, p. 251), replaces Family 
Trichotropidae. 

Trichosirius Finlay, 1926 ; T.N.Z.I., vol. 57, p. 395. 

Trichosirius inamatus chathamensis n. subsp. (Fig. 40.) 

Differs from typical shells in being more squat, with more 
I)rominent peripheral and basal carinae, the four peripheral spirals 
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being notably coarser and stronger, the radials also coarser, and the 
shoulder much less steeply inclined. 

Height, 11 mm. ; diameter, 8 mm. 

7 specimens. 

I have further new species of this genus from southern waters, 
but have seen nothing quite like these Chathaim shells. 


Family Vermetidae. 

Vermiculam Lamarck, 1799 ; Mem, Soc. H,N. Paris, p. 78. 
Vermicularia sipho (Lamarck, 1818). Suter, 1913, p. 259. 

Novastoa Finlay, 1926 ; T»N.Z,L, vol. 57, p. 386. 

Novastoa zelandica (Q. & Q., 1834). Suter, 1913, p. 260. 

Synonym: Stphontuvi lamellosum Hutton, 1873, Suter, p. 261. 

Several masses of irregular shape. One agglomerate consists of 
some half-dozen specimens having the first few whorls spirally coiled 
up, the remainder vermiform, more or less irregularly twisted in a 
moderately straight line; i.e., the shell is identical in growth with 
Q. and G.’s Vermetus zelandicus, though in all other respects it is a 
typical example of lamellosum Hutt. The only diagnostic difference 
between the two is the presence in the latter species of an operculum, 
and I think it unsafe to rely solely on this. Suter, following Hutton ^s 
original description states that the operculum of lamellosum is hemi- 
spherical; I cannot understand this, unless Hutton mistook a loose 
septum for the operculum. Internal septa are very infrequent, they 
are concave distally, becoming gradually confluent with the walls of 
the tube anteriorly ; longitudinal internal ridges arc absent. 
Operculum shaped, like an everted mushroom; the exterior lightly 
concave, with a prominent, thickened, and slightly raised inner cal- 
careous disc, surrounded by a wider, outer, quite solid, homy rim; 
interior with a stalk-like cylindrical, dome-topped pillar, merging 
in to the calcareous disc, which is coated on the inside with chitin 
and marked off from the horny rim by a deep circular furrow. The 
usual beach specimens of lamellosum are much worn, and consist of 
agglomerates of only the early whorls, only occ^ionally are they 
found developing long tubes as in the typical zelandica form. 

Apart from its occurrence at the Chathams, where it seems 
commoner than elsewhere, this species is apparently purely Cookian 
in range. It is significant that Suter has recorded lamellosum from 
the Bay of Islands, whence also come the type of zelandica, 

Magilina Velain, 1877; Arch, Zool, Exper,, vol. 6, p. 106. 
Magilina sp., probably new. 

A single specimen of a vermetid that cannot be referred to any 
species at present recorded from New Zealand. It is evidently very 
close to M, caperata (Tate and May, 1900) from Tasmania and New 
South Wales, but I have no actual specimens for comparison. The 
specimen is too much worn and broken for description, but forms an 
interesting record as the genus is new to New Zealand. 
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Siliquaria Bruguiere, 1789 ; Encycl. Meth., vers. 1, p. 15. 

Siliquaiia weldii Ten.-Woods, 1876. Suter, 1913, p. 264. 

One shell. 


Family Janthindae. 

Janthina Bolten, 1798; Mus. Bolt., p. 75. 

Jantfaina violacea Bolten, 1798. Oliver, 1915, p. 525. 

Two small shells. 

Janthina exigua Lamarck, 1822. Suter, 1913, p. 299. 

7 juvenile shells. 

Family Scalidae. {vide Finlay, 1926, p. 401). 

Cirsotrema Morch, 1852; Cal. Toldi, p. 48. 

Cirsotrema zelebori (Bunker, 1866). Suter, 1913. p. 322. 

Suter has reported this from the Chathams; I have seen no 
specimens, but it is certain to occur there. A closely related 
Oligocene species, C. chathwmensis has been described by Marwick 
from Momoe-a-atoa {T.N.Z.I. vol. 58, p. 483, 1928). 

Family Cymatudve. 

Charonia Gistcl, 1848; Nalury. Tlmr, p. 170. 

Cbaronia capax Finlay, 1926. T.X.Z.f., vol. 57, p. 397. 

This also is not autoptically known to me from this locality, 
though Suter has recorded it (as ruhicunda Perry). 

Cymatium Bolten, 1798; Mns. Bolten, p. 129. 

Cymatium spengleri (Perry, 1811). Suter, 1913, p. 308. 

Two shells. 

Gondwannla Finlay, 1926 ; T.N.Z.I., vol. 57, p. 399. 
Gondwanula tumida (Bunker, 1862). Suter, 1913, p. 309. 

4 specimens. 

Xenogalea Ircdale, 1927 ; Kec. Austr. Mus., vol. 15, No. 5, 
p. 339. 

Xenogalea oollactea, n. sp. 

Phahum n. sp. (laliatum auct.); Finlay, T.N.Z.I., vol. 57; PI. 20, Figs. 
62, 63; 1926. 

Shells of the labiata type (i.e., almost smooth, especially on spire 
and base, with small and partly closed umbilical opening, and with 
denticles, not faint furrows, on lower i)art of outer lip), Mrly wide, 
spire rather short. Colour, pale brownish-grey with lilac tinges, 
mottled with darker shades of the same, 3-6 narrow indistinct bands 
of variously-shaped brown spots with white centres, defined on outer 
lip as four double bands of dark brown, the lowest at canal, outer 
and inner lips otherwise white. Spiral sculpture absent except on 
initial whorls, and sometimes a few grooves on base. No shoulder 
present till last whorl, which develops 6-7 rather coarse nodules 
extended into very indistinct and irregular low axial plications. 
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Several oblique raised ridges at inner base of parietal callus, directed 
forwards. 

Height, 69 imn. ; diameter, 48 mm. 

Hololype and two other specimens from Opotiki, Bay of Plenty. 

Xenogalea powelli n. sp. 

Phalium n. sp. {pyrum auct.); Finlay, T.N.Z.I., vol. 57; PI. 20, Fig. 64; 

1926. 

A Cookian deeper water representative of the pyrum series. 
Very similar to X, finlayi Iredale, but with a short spire and traces 
of nodulation on the shoulder. Colour less tawny, more olive in 
.shade; shell less inflated, especially basally. 

Height, 78 mm. ; diameter, 52 inm. 

Holotype from off Wliakatane, Bay of Plenty, in 40-50 fathoms ; 
several other specimens from the same locality collected by Mr. A. 
AV. B. Powell, in compliment to w'hom the species is named. 

This is the form erroneously united with X. finlayi Iredale (C. 
sfadialis Finlay, non Iledley; T.N,Z.I., vol. 55, p. 526, 1924) ; exami- 
nation of further material shows that the northern and southern 
shells are distinct. 

Th('se two forms were indicated as new species in the paper 
referred to, but not named, as Iredale ’s account of the Australian 
Cassids had not then appeared. Only one New Zealand species (A". 
finlayi n. sp. for Phalium siadialis Finlay, non Hedley — a wrong 
determination; Rec, Avstr, Mas,, vol. 15, p. 342) was, however, pro- 
vided with a name in his account, so that the names I had previously 
intended to give to the two other species I figured in the Further 
Commentary’^ are now supplied. X. collactea is, as Iredale notes, 
very close to his X. insperata {l.c., pp. 349, 350), but differs in the 
much coarser and more distant nodules on the last whorl, the more 
inflated columellar region with a deeper notch above the lowest plait, 
and the presence of the oblique parietal ridges; it is easily distin- 
guished from the true lahiaia. X, powelli is less likely to be con- 
founded with an Australian form, and is only distantly related to 
pynm. 

No shells of tlie labiata type occur at the Chathams, the single 
specimen from there agreeing exactly with Stewart Is. specimens, 
wdiich are a little different from typical powelli \ the exact status of 
these forms, and the number of species that should be allowed in the 
Neozelanic area cannot be satisfactorily settled till a larger range 
of specimens than I have at present is available for examination. 
Mr. H. D. Skinner picked up another specimen on a Moriori site at 
Mairangi, near Wharekauri; it was artificially pierced, and had 
evidently been used for adornment. The sole Tertiary Cassid from 
the Chathams, Phalium skirmeri Marwick, is unrelated to the Recent 
forms, and is made the type of a new group, Kahua, by Marwick 
(1928, p. 482). 

Cochlis Bolten, 1798 ; Mus, Bolt,, pt. 2, p. 146. 

Cochlis zelandica (Q. & G., 1832). Suter, 1913, p. 289. 

A few specimens. A related Tertiary form at the Chathams is 
C, pittensis Marwick (see T,N.ZJ., vol. 58, p. 481, 1928). 
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Uberella n. gen. Type : Natica vitrea Hutton. 

Uberella vitrea (Hutton, 1873). Marwick, T.N.Z.I., vol. 55, p. 570,. 
1924. 

One specimen, but also reported by Suter, 1913, p. 291 (as. 
amphialus Watson). This locality seems to be the northern limit 
of the range of this typically Forsterian and Rossian species. 

I would temporarily place under this genus all the species 
referred by Marwick (lx.) to Euspira, though the assemblage 
is not homogeneous, vitrea and pscudovitrea (Finlay) disagree- 
ing with lateapertus Marwick, and this again with fyfci 
Marwick. Marwick, following Dali, has used Euspira Agassiz, 
3842, instead of Lunmtia Gray, 1847, but both these writers 
seeni to have overlooked the investigation of this question by 
Harris in 1897, where a totally different result is arrived 
at. DalFs opinion (quoted by Marwick, that Euspira^ introduced 
by Agassiz in 3842, and typified by N. lahellata Lamk., should dis- 
place Lunatia Gray, 1847, typified by Natica ampullaria Lamk.), was 
announced earlier than given by Marwick, viz., in Bull. Mus. Comp. 
Zool., vol. 43, No. 6, p. 334, 1908; but at that place no type was 
selected, it being merely mentioned that the first species was N. 
glmicinoides Sow. = N. lahellata Lk. At the reference given by 
Marwick {TJ.S. Geol. Surv., Prof. Pap., 59, p. 87, 1909) this is 
definitely given as the type of Euspira. Harris, however, had a 
dozen years earlier {Cat. Tert. Moll. B.M., Pt. 1, p. 264, 1897) nomi- 
nated A. sigaretina Lk. as the Xype, and this must displace Dali’s 
selection; moreover, Harris showed that the date of introduction of 
Euspira was 1837 {Sow. Min. Conch. Grosshr., pp. 14, 36), (1838, 
according to Sherborn; Index Anim. 1801-1850, pt. 10, p. 2250), and 
that a heterogeneous collection of species was there named in connec- 
tion with it. Harris’s action makes Euspira s. str. absolutely equiva- 
lent to AmpulUna Bowdich, 1822 {Elem. Conch., 1, p. 31; PL 9, 
f. 2, no species name). This is said to be the first Latin introduction 
of the latter name, which was used again two years later, in a 
different sense, by Blainville {Diet. Sci. Nat., p. 235). Thus the name 
Amjmllina can be given its usual interpretation only if it be decided 
that a genus can rest on an unnamed, doubtfully determinable figure 
(Dali in 1909, l.c., suggests that it is possibly A. depressa Lk., non 
Sow., and adopts this as the type of the genus in place of A. sigare- 
tina). It is a moot point whether AmpulUna Bowdich should not be 
regarded as indeterminable, and in this case would have to be 
replaced by Euspira Desor and Agassiz — ^it may be noted that Sher- 
born docs not record AmpulUna Bowdich as a valid name, though 
Blainville ’s and Deshayes s uses arc duly entered — , but whatever 
the conclusion in this case, it disposes of Euspira in connection with 
Austral mollusca, as we have no Ampullincs. There are many recog- 
nisable groups of TJher (Iledley has noted that at least three may be 
allowed for tropical Queensland forms, TJher s. str., MamUla 
S>chumacher, and Mamillaria Swainson, of which Naticina Guilding 
is an exact synonym), and Lunatia (iray — which should apparently 
be brought into usage again — does not seem strictly applicable to the 
Now Zealand ‘‘ Espiras.” Harris, in discussing Australian Tertiary 
species {l.c., p. 260) has included three species in Lunatia, but each 
of these represents a different group. Therefore, from consideration of 
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all these points, I select the best known and the most aberrant New 
Zealand “ Euspira” as type of a new genus Vberella; it will probably 
bo wisest to include all the other New Zealand members of the group 
under this name until more comparative material allows further sepa- 
ration to be made. 


Family Lamkllariidae. 

Lamellaria Montagu, 1815 ; Trans. Linn. Soc., vol. 11, p. 11. 
Lamellaria ophione Gray, 1850. Suter, 1913, p. 294. 

A specimen of this species in the Otago University Museum has 
the locality ‘ ‘ Chatham Is. ’ ’ attached to it. 

Family Cypeakidae. 

Triviella Jousseaume, 18M; Bull. Soc. Z. Fr., vol. 9, p. 98. 
Triviella memorata Finlay, 1926; T.N.Z.I., vol., 57, p. 396. 

Two specimens. Marwick (T.N.Z.I., vol. 58, p. 482, 1928) com- 
pares his T. flora (Oligocene, Pitt. Is.) with the Mainland Pliocene T. 
zelandica Kirk rather than with memorata. 


Suborder STENOGLOSSA. 

Family Olividae. 

Baryspira Fischer, 1883 ; Man. de Conch., fasc. 6, p. 600. 

Suter (1913, p. 451) has reported B. australis (Sow., 1830) from 
the Chathams, but I have seen no specimens. 

Family Margineludae. 

Marginella Lamarck, 1799 ; Mem. Soc. ILK., Paris, p. 70. 

Marginella allporti ( ?) Ten.-Woods, 1876. Suter, 1913, p. 459. 

One damaged specimen. I am not in a position to stiite whether 
this species has been rightly identified from New Zealand, but it is 
highly doubtful. 

Suter reports only M. pygmaea Sow. from the Chathams; this 
species has not occurred to me. 

Family Turridae. 

Phenatoma Finlay, 1924 ; T.N.Z.I., vol. 55, p. 515. 
Phenatoma novaezelandiae (Reeve, 1843). Suter, 1913, p. 477. 

Phenatoma zelandica (E. A. Smith, 1877). Suter, 1913, p. 491 (as 
cheesemmi ) . 

Both these species are reported by Suter from the Chath^s; I 
have seen neither from here, but they have a wide distribution in 
both main Islands. 

Phenatoma decessor Marwick {T.N.Z.I., vol. 58, p. 491, 1928), 
from the Oligocene of Pitt. Is., is noted by its author as directly 
ancestral to P. novaezelandiae ; apart from this, the Tertiary Turrids 
at the Chathams are altogether different from those in the Recent 
fauna. 
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Ouraleus Hodlcy, 1918; P.L.S., N,8.W., vol. 51, Suppl., p. 

M 81. 

Guraleus sp. 

Suter records both dictyota (Hutton) and sinclairi (Smith). 
Specimens are common, thoui^h usually worn, and seem to represent 
l)ut one species, but a full discussion of the generic and specific name 
to be used would take up much space and is reserved to appear in 
an account of all these forms now in preparation, where it will 
be more in keeping. 

Zenepos n. subgcn. of Nepotilla lledley, 1918. 

Type: Daplinclla toiolirata Suler. 

Zenepos totolirata (Suter, 1908). Suter, 1913, p. 511. 

One specimen; also reported by Suter; a not uncom(mon 
Forsterian i'orm, but I doubt the Whangaroa record. 

This group-iianu^ is ]>roposed for Nepotillas more slender than 
the t> pe, with numerous spiral cords rather than keels, a less exserted 
apex, and esi)ccially with only a slight isinus at the shoulder. iVepo- 
iilla s. str. has a very deep Viprecula-Wkc sinus, witli long parallel 
margins and is rei)rcsented in Australia by such forms as bathentoma 
(Verco), lamdlosa (Sow.), and iriseriaia (Verco), while in Zciupos 
may be included the New Zealand species hicanosHi (Hutton) and 
probably chariessa (Suter), and the Australian mimica (Sow.) and 
minufa (Ten.-Woods). 

Family Buccinumdae nov. 

This seems necessary to cover the Austral genera Buccinulmi 
Swainson, 1837 (= Evarnc II. & A.Ad., 1853), Demiantia Tate 1888, 
Eufhrena Iredale, 1918, Tasmenthria Iredalc, 1925, Evarnula Finlay, 

1926, and Clfiatlia\mma nov, {v.i.). As a subfamily may be ranked 
Si PHOTS ALiiNAE noA^, covcring Hiphonalia A.Ad., 1863, Austrosipho 
(\)ssmann, 1906, Vcrconella Iredale, 1914, Beryhma Iredale, 1924, 
Glaphyrina Finlay, 1926, Acneator Finlay, 1926, Pomahakia Finlay, 

1927, Pitiella Marwick, 1928, and Eltjcea Finlay, 1928 (in Marwick, 
1928), proposed for Siplionalia orhita Hutton, 1885 {T.N.Z.L, vol. 17, 
p. 326); Marwick has recently {T.N.ZJ., vol. 56, p. 321, 1926) 
referred this species and Streptopehna henchmani Marwick to 
8ircpfopdma Cossmann, judging by the resemblance of figures ; this 
likeness is purely superficial, and actual specimens show so many 
differences that 1 doubt their inclusion in the same Family. The 
Family Neptuniidae covers a large suite of Boreal forms; to this, 
under the name Chrysodomidae, Cossmann and Suter have referred 
the Neozelanic forms, but it seems better to select a distinct family 
name for the large number of southern genera, rather similar inter se 
that centre around the New Zealand Bucdnulum. Buthrias'’ have 
been referred to several families, and in any case Bucdnulum has 
long priority over Eufhria Gray, 1850. 

In regard to the New Zealand members, it would be out of place 
here to give a full account, with keys for separation of genera and 
species, but I have prepared this, and hope to give it elsewhere at an 
early date. Therefore I merely deal briefly in the present paper, with 
the means for separating the Chatham Euthrias/* 
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Euthrena may be always separated from Buccinulum and its 
allies, Chathamina and Eva/rnula, by its protoconch, which is small, 
with a minute smooth portion, early weakly axially ribbed, with a 
conspicuous brephic stage of coarse reticulation; if this is lost or 
worn, the next best feature is the inner lip callus, which is vertical 
for loss than half of its length. The three other genera have a large 
embryo, of several smooth whorls, showing more or less axial accelera- 
tion, but never a reticulate stage; and the inner lip callus is vertical 
for usually much more than half of its length. As ChatJuimma is 
now first proposed, a comparative diagnosis of these three groups is 
necessary. 

Bvccinulum Swainson (== Evaimc 11. & A. Ad.) : — Includes linca 
(Martin), pallid'im n. sp., and sufflafum Finlay’ (1926, p. 416). 
Axials small and numerous, confined to first three whorls. 

Cfuitha^nina n. subgcn. of Bnccinulum: — Type: Tnionidta fusco- 
zonata Suter, 1908. Includes also charade ristica n. sp., and the fossil 
1\ compada* and its allied new species. Generally more squat than 
Bmcinnlum, wider and more solid; outer lip especially very thick, 
and with .i heavy varix just before it ; axials rather stout and promi- 
nent, generally persistent o\er all whorls; pillar more suddenly bent; 
teeth of outer lij) inclined to be stouter, shortin’, and fewer. 

Evaniula Finlay: — Includes the fossil btriata (Hutton), a new 
Recent deep w^ater species, and manvkki n. sp. S])ire rather elate; 
outer lip thin and sharp, rapidly thickening inteimally, but without 
a distinct varix; axials moderately promimnit and numerous, 
persistent up to, and often also on, last whorl ; teeth of outer lip not 
prominent, usually only subobsolete lirae; aperture less heavily armed 
with denticles than in the last two groups, there being rai’oly more 
than 2-3 at inflection of canal, but the lowest al^va^s very prominent, 
almost as in Eoinantia; canal much more strongly flexed to left, and 
with a much stronger fascicle; strong spiral sculpture predominant; 
whorls more medially convex and better separated than in Bucci- 
nuhim and Chathamina. 

Subfamily Buccinulix vn. 

Buccinulum Swainson, 1837; Cat. Fonujn Shdls Man. Nat. 

Hist. Soc., p. 81. 

Buccinulum lineum (Martyn, 1784). (Fig. 6.) Suter, 1913, p. 375. 

Six specimens. The fact that this lives together with pallidum 
and charactcridica is indication of the distinctness of these species, 
though, of course, hybrids are to be expected. Pallidum probably 
reaches its extreme northern limit here, charade ristica is possibly 
restricted but may occur in the North Is. also (see below), while 
linea is typically a common Cookian species, l)ut Forsterian stragglers 
are occasionally found ; I have one from as far south as Taieri Beach, 
but I doubt its occurrence in the Bossian province. 

Buccinulum pallidum n. sp. (Figs. 3, 4, 5). 

Shell exactly like B. linea in formation of whorls and aperture, 
but more elate, with a taller spire, and a weakly sub-margined suture. 


*JV.Z. Qeol. Stirv. Pal. Bull., No. 5, p. 35, 1917. 
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Colour uniformly light brownish-yellow to almost white (some worn 
shells show broad darker patches), the prominent purplish bands of 
linm are completely absent, bands when present being irregular and 
but slightly darker than rest of shell. 

Height, 37 mm.; diameter, 16 mm. (type). 

Holotype from Stewart Is.; 9 specimens from the Chathams; 1 
specimen from Lyttelton Harbour, the type locality of B. sufflatum 
Finlay, but that species differs constantly in inflation and stronger 
spiral sculpture. 


(Jhathamina new subgeiius. Type: Tritonidea fuscozonata 
Suter. 

Chathamina characteristica n. sp. (Figs. 29, 30. 31). 

Very similar to B. linea in habit and style of painting, but more 
solid, inclined to be squat, the last whorl wide and swollen. Outer lip 
crass, pushed out by a broad swollen varix just behind it. Aperture 
tending to be heavily armed with denticles, especially on inner lip, 
where they are usually present over whole of its length. Canal more 
strongly twisted, and more flexed to left than in linea; this feature 
* serves to separate immature shells of the two species, but very young 
specimens are not placeable with certainty. 

Height, 34 mm.; diameter, 19 mm. (type). Corresponding 
dimensions of flgured paratypes, 35 x 20 mm., and 39 x 18 mm. 

This is one of the commonest and most characteristic Chatham 
Is. shells. I have also one specimen reputed to be from the North Is. ; 
apart from this doubtful record, I have not yet seen it outside the 
Chathams. 


Evarnula Finlay, 1926 ; T.N,Z.I,, vol. 57, p. *415. 

Evamula marwicki n. sp. (Figs. 7, 8, 9). 

Shell large, with strong axial and moderate spiral sculpture. 
Embryo as in B. linea. 7 shell-whorls, sub-shouldered a little above 
middle, slightly concave on shoulder, convex below. Suture strongly 
margined by a heavy cord. Spiral sculpture same style as in striata 
(Hutton), but main cords broader and secondaries weaker; 15-17 
main spirals on body-whorl. Axial sculpture predominant, 13-14 
axials on penultimate whorl, subobsolete on last whorl. Aperture 
reminiscent of Clava, pyriform, medially inflated, produced below 
into a rather long beak, twisted back and well to the left. Outer lip 
sharp and thin, rapidly thickened inside, but without a marked varix, 
tending to throw downwards and be most inflated anteriorly. Whole 
aperture very lightly armed, teeth on outer lip being thin and weak, 
more like short lirae ; seldom more than 2r3 not prominent denticles 
at base of inner lip, and a parietal tubercle. 

Height, 52 mm.; diameter, 24 mm. (type). Corresponding 
dimensions of flgured paratype from Stewart Is., 38 x 18 mm. 

The holotype and one other specimen (flgured) froim Warrington, 
near Dunedin; S good specimens from Stewart Is.; numerous more 
or less worn shells from the Chathams. 

The name of Dr. Marwick, Palaeontologist to the Expedition, is 
attached to this species. 
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Euthrena Iredale, 1918 ; Proc. Mai. Soc., vol. 13 p. 34. 

Euthrena strebeli (Suter, 1908). Suter, 1913, p. 378. 

Fairly common. The distinctness of this form is not beyond 
doubt, vittata, littorinoides, and strebeli all seem to intergrade some- 
what on the mainland, and investigation of specific values in this 
genus must be left for another occasion. I have, however, used 
strebeli for a number of Chatham shells, evidently not bicinctus, of 
a uniformly dull colour, and very solid habit ; I have identical shells 
from Dunedin Harbour (the type locality of strebeli) and other 
Forsterian localities. It may be noted, however, that Reeve's figure 
of the type of his littorinotdes (Conch. Icon., vol. 3, PI. 12, f. 94) 
looks as much like sHrebeli as it does the form commonly accepted as 
littorinoides. 

*Euthrena bicincta (Hutton, 1873). Cat. Mar. Moll., p. 10. (Figs. 10, 

11 ). 

Hutton rightly described this species from '^Chatham Islands 
only." It is one of the most characteristic of the Chatham shells, 
and its conspicuous colour pattern renders it very striking. It seems 
to be restricted to the Moriorian province; occasionally a North Is. 
specimen turns up with much the same painting, but is always about 
half the size, and on comparison is easily seen to be an atypical form 
of vittata, occurring with it, though but rarely. At the size of the 
largest vittata, bicincta always has an unformed outer lip, and is 
evidently immature; it grows as large as strebeli, and has a charac- 
teristic facies which is difficult to describe. Very common at the 
Chathams. 


Family Buccinidae. 

Austrofusus Kobelt, 1881; Kuster's Conch. Cab., p. 127. 

Austrofusus chathamensis n. sp. (Figs. 60, 61, 62, 63). 

Distinguished from the typical Cookian glans (Bolten) by 
obsolescence of keels, crowded axial ribs, and especially the persist- 
ence of the latter on shoulder. 21-25 axials on penultimate whorl, 
strong from suture to suture on all spire-whorls, being but little 
thinner on shoulder, hardly nodulous on periphery, interstices 1^-2 
times width of ribs, obsolete on body-whorl, being replaced by very 
numerous ribs of about same strength as spirals, forming a coarse but 
neat and even reticulation. Perpheral keel becoming almost obsolete 
on body-whorl, which is usually subregularly convex, lower keel 
absent. In glans there are 16-18 axials on penultimate whorl, merely 
indicated on shoulder, strong on lower half, prominently nodular on 
periphery and at lower suture, interstices 2-4 times as wide, rarely 
obsolete on body-whorl, and, if so, not replaced by coarse reticulation; 
keels very rarely obsolete, both upper and lower, and frequently a 
third still lower, being well defined. 

Height, 54 mm.; diameter, 28 mm. (type). Corresponding 
dimensions of figured paratype, 59 x 33 mm. 

Rather common as beach-wom shells at the Chathams ; no fresh 
specimens seen. 

This is a rather puzzling form. The characters of the Chatham 
shells appear constant, and they stand out at once when placed beside 
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North Is. specimens of glans. Occasionally Mainland forms arc 
found with subobsoletc keels and numerous axials, but I have seen 
none with ribs strongly developed on the shoulder, or with quite 
the aspect of chatJiamcnsis, In the Upper Pliocene beds at Castleeliff, 
however, Austrofnsus is very common, and apparently very variable, 
all gradations occurring between forms with 12 distant prickly axials 
per whorl, and shells with twice as many cramped and blunt ribs. 
Some would urge that this is sufficient reason for admitting 
but one species, but the Recent regional forms {glans, agrestior 
Finlay* and chathamensis nov.) seem so well differentiated, that 
I prefer to regard the Castleeliff shells as in process of evolution, 
and would artificially separate them into three groups, glans, 
chathdimensisj and some intermediate or hybrid juveniles. Oliver 
has trt'ated the Kermadee Is. Cellanas somewhat similarlv {T.N.ZJ., 
vol. 47, p. 511, 1915). 

Hutton al';o observed the different aspect presented 1)y tlie 
Chatham shells, and referred them {Cat. Mar. Moll., p. 11, 1873) 
to Buccimm tritom Lesson, 1841 {Rev. Zool., p. 37). That species, 
however seems to be based on an old Mainland specimen, and such, 
as 1 have slated, may at first sight resemble cJiathamensis, but lack 
the strong shoulder ribs, etc.; it appears to be correctly treated as 
a synonym of glans as is also Hutton’s var. {loc. cit.). This 
is described as having ^'Body-whorl with 12 nodular transverse 
ribs, which do not reach to the suture; small — Cook Strait.^' It 
is possii1)le that what I have calbni glans from Castleeliff may later 
deserve sei)aration, as the tul)ercles and ril)s are generally stoutei\ 
but this maj be passed over at present. 

Austrofusus glans agrestior Finlay, 1927. T,N.Z.I., vol. 57, p. 48G. 

Of 21 specimens of Austrofusus from the Chatham Is., all l)ut 
one were uniform in character, and referable to chathamensis. This 
one stood out at sight, having strong keels, 15 very prominent pei’i- 
pheral nodules per whorl, no ribs on the shoulder, sculpture nowhere 
obsolete, and a different shape. Though not fully grown (41 mm. x 
25 mm.) it agrees exactly with the type of the Forsterian regional 
variety agrestior, and is without hesitation referred to this form. 

Cominella Gray, 1850; Fig. Moll. Anim,, vol 4, p. 72. 

Cominella maculosa (Martyn, 1784). Suter, 1913, p. 387. 

Numerous specimens, the best preserved being from the stomachs 
of cod. 


Acominia Ffnlay, 1926 ; T.N.Z.I., vol. 56, p. 240. 

Acominia adspersa nimia n. subsp. (Figs. 17, 18). 

Differs from typical Cookian examples in larger size, more solid 
shell, and especially shape and elongation of last whorl. There is 

*vidc infra. 

tThat is, if it is really Neozelanic. Suter Includes it in the synonymy 
of Sitphonalia nod^osa (Mart.) (Manual, p. 368), referring to Hutton's Cat. 
Mar. Moll, of 1873, but it should be noted that in 1884 Hutton (T.N.Z.I., vol. 
16, p. 228, footnote) stated that the species “ Inhabits Peru," and dismissed 
it from our fauna. There is, however, no mention made of this name in 
Dali's summary of the Peruvian fauna published in 1909 (Proc. V.8. Nat. 
Mus., vol. 37, pp. 147-294). 
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no tendency for the spire to be short and concave and the body-whorl 
cylindrical, as is so often the case in Mainland specimens. Juvenile 
shells are not easily separable from typical adspersa, but as growth 
proceeds a characteristic aspect is developed. The spire remains 
prominent and wide, i-| height of aperture, and the sides are very 
much straighter than in adspersa) tliis is due to different shape of 
whorls, which arc not convexly turgid, but develop a bluni subangula- 
tion at the lower suture, the long shoulder sloping almost straight at 
an angle of about 60; this angulation remains submedial and very 
prominent on the body-whorl, a feature not shown by adspersa. The 
last whorl is also much elongated, this produces a higher and larger 
aperture, and is especially seen in the long descending fascicle. The 
umbilicus is better developed. 

Height, 70 mm.; diameter, 43 mm. 

8 adults and several young shells. 

Oominista Finlay, 1926; T.N.Z.L, vol. 56, p. 240. 

Cominista glandiformis (Keeve, 1847). Siiter, 1913, p. 384 (as 
lurida). 

5 specimens. 

Eucominia Finlay, 1926; T.X.ZJ., vol. 56, j). 239. 

Euoominia iredalei n. sp. (Figs. 15, 16). 

Shell derived from E. nassoides (Reeve), find with same style 
of sculpture, but far more massive, twice as large, and relatively 
almost twice as wide. The whole shell is of a squat and bulky forma- 
tion, the body-whorl and aperture being especially capacious. Spire 
lower Ilian aperture. Suture a little less sloping tlian in nassoides. 
Axial sculpture ns in Tiassoides, but spirals weaker and more 
numerous, so that the axials are distinctly less tulierculate. Stronger 
sub-sinus in outer lip, but weaker denticles within. Wider fasciole. 
Still larger embr^'o. 

Height, 53 mm. ; diameter, 31 min. Corresponding dimensions 
of figured paratype, an extreme form as regards width, 46 x 31 mm. 

Chatham Islands only; 11 specimens. This is Hutton ^s ‘War. 

of Bnccinum zelundicum Reeve {Cat. Mar. Moll.y p. 14, 1873). 
The true habitat and status of the latter species do not seem as yet 
to have been recognized, but it is certainly not Neozelanie, and looks 
like a true Buccinnvu Suter (1913, p. 389) has stated that “ This 
subantarctic species is very variable. The Chatham Is. specimens 
are generally large and more inflated, and Hutton scjiarated them in 
1873 as A ar. B. The C. nodicincta v. Mts. is most likely this variety, 
but shells nearly approaching it occur also in Foveaux St.’' 1 am 
unable to agree with this, and have not so far found it variable; if 
all the specimens are lumped together, there is certainly a very wide 
range of differences shown, but the important point is that forms from 
the same regional locality or depth are practically constant, and there 
are evidently numerous well-defined races which ought all to be 
recognised. Examination of Reeve's excellent figure shows that the 
Stewart Is. form ( Fig. 14) is typical and therefore the true 
nassoides ; I have similar shells from Chalky Inlet and as far north 
as Dunedin, so that the species is characteristically Forsterian. In 
deep water in the same region occurs a benthal relative, quite distinct 
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in habit; a second benthal form occurs north of Oamaru. Another 
quite distinct form occurs off the Snares Is, ; this will take the name 
nodicincta v. Mts., and does not, as Suter reports, occur in Foveaux 
St. The Campbell Is. form I have not seen, but it is probably again 
distinct and has been named Buccinum veneris by Filhol {Compt. 
Rend., vol. 91, p. 1094,1880). As regards fossils, the nearest relative 
to nassoides is E. eleganUda verrucosa Finlay,* which is quite close, 
but is smaller, has fewer axials on early whorls, and weaker spiral 
sculpture; elcgantula itself is similar in habit to the Oamaru deep 
water form, but dilfers in amount of sculpture. Ecduction of axials 
is carried still further in the older members such as E. excoriata 
Finlay. Dr. Marwick has described {T.N.Z.L, vol. 58, pp. 486, 487, 
1928) two Tertiary species from the Chatham Islands E. hauckei 
(Lower Miocene) being noted as directly ancestral to elegantula 
Finlay, and E. ellisoni (Middle Pliocene) as related to nassoides; the 
latter species while retaining the high spire of nassoides, has begun 
to show the inflation and size characteristic of iredalei. 

Named after my good friend Mr. Tom Iredalc, of the Australian 
Museum, Sydney. 


Family Mitridae. 

Austromitra Finlay, 1926; T.N.Z.I., vol. 57, p. 410. 

Austromitra rubiginosa (Hutton, 1873). Suter, 1913, p. 366. 

Common. The type is from the Chathams, but the species 
seems widely distributed. The single Oligocene species, A. plicifera 
Marwick (1928, p. 485) is not related. 

Family Pyrenidae. 

Zemitrella Finlay, 1926 ; T.N.Z.L, vol. 57, p. 431. 

Zemitrella choava (Reeve, 1859). Suter, 1913, p. 431. 

2 specimens, one of them corresponding to Suter ’s var. e. This 
species is at present used as a dumping-ground for Zemitrellas that 
cannot be allocated to any other described species, and I am not 
at all certain of the identifleation of the Chatham specimens, but a 
revision of the group must be left for another time. Marwick (1928, 
p. 488) has doubtfully identified a single specimen from Titirangi 
as this species. 

Paxula Finlay, 1926; T.N.Z.I., vol. 57, p. 430. 

Faxula n. sp. aff. leptalea (Suter, 1908). 

The Chatham specimens, wliich are common, are all mure or 
less worn, but probably identical with South Island shells which differ 
a little from the Rossian leptalea. It will therefore be better to take 
a Forsterian specimen as type, but for various reasons I think 
description is better withheld till the group can be treated as a 
whole. 

Paxula sp. cf. subantarctica (Suter, 1908). 

9 specimens are smaller and more slender than the preceding 
species, and may be provisionally referred here. 


^T.N.Z.I., vol. 56, p. 241, 1926. 
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Paxula allani n. sp. (Figs. 38, 39). 

Like leptalea in shape, but more elate, and with a higher spire. 
The specimens are all worn, and spiral sculpture on the whorls 
cannot be distinguished, but there are rather stout spiral cords over 
most of the base, more especially roxmd the neck of the canal. Tlie 
most characteristic feature of the species is the strong axial sculpture, 
which is obsolete in all other species of the genus so far described. 
The penultimate whorl bears 16 stout axials extending from suture 
to suture on all whorls, and across body-whorl and almost all the 
base; the ribs are broadly rounded and have subequal interstices. 
This gives it somewhat the appearance of a Zafrina, such as sub- 
abnormis, but the strong spiral sculpture is lacking, and the aperture, 
of course, is totally different, that of Paxula being highly 
characteristic. 

Height, 6 mm.; diameter, 2.5 mm. Corresponding dimensions 
of a larger worn specimen, 8x3 mm. 

Not uncoinmon, and apparently restricted to this locality. 
Named after Mr. R. S. Allan, Geologist to the Expedition. 

Macrozafra Finlay, 1926; T.N.Z.I., vol. 57, p. 431. 

Iflacrozafra subabnormis saxatilis (Murdoch, 1905). T,N.ZJ., vol. 

37, p. 225. 

9 specimens, all typically saxatilis, and not like Lyall Bay suh- 
abnormis. The differences between the two forms are slight, but as 
far as I have seen appear to be constant. 


Family Muricidae. 

Zeatrophon Finlay, 1926; T.N.Z.L, vol. 57, p. 424. 

Zeatrophon ambiguus (Philippi, 1844). Suter, 1913, p. 405. 

2 specimens. Ancestral at the Chathams is the Nukumaruan 
Z. mutabilis Marwick (T.N.Z.I., vol. 58, p. 488, 1928). 


Xymene Iredale, 1915; T.N.ZJ., vol. 47, p. 471. 

X3rmene plebejus (Hutton, 1873). Suter, 1913, p. 416. 

5 specimens. 

Axymene Finlay, 1926 ; T.N.Z.I., vol. 57, p. 424. 

Axymene traversi (Hutton, 1873). Cat. Mar. Moll., p. 9. (Figs. 19, 

20 ). 

Common. I have shown (1926, p. 415) that this name has been 
wrongly interpreted by Suter. Although the species is very close 
to coriicatus (Hutton), the name is worth retention, as the Chatham 
•shells reach a much larger size, arc wider, and have the ribs rather 
strongly tubercular on the periphery ; the form seems to be restricted 
to the locality, as Hutton thought when he described it. 

Trophon paivae^^ and Trophan inferus^^ are also recorded 
by Suter from the Chathams, but may be dismissed. 
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Family Thaididae. 

Lepsia Hutton, 1883; T,N,Z.I,, vol. 16, p. 222. 

Lepsia haustrum (Martyn, 1784). Suter, 1913, p. 422. 

A dozen specimens. This species docs not seem to come much 
further south than Banks Peninsula. For reversion to Lepsia^ vice 
Haustrum Perry, sec Finlay, 1926, p. 427. 

Neothais Irodalc, 1912 (cm.); Proc. Mai, Soc, (Land,), vol. 
10, p. 223. 

Neothais scalaris (Menke, 1829). Suter, 1913, p. 423 (as sue- 
cincta). 

One specimen, of the “ textiliosa^^ form. This is predominantly 
a Cookian shell, only just crossing Cook Strait as far as the main 
islands are concerned. 

Lepsithais n. gen. Type: Polytropa squamata Hutton, 
1878. 

This is instituted to contain the strongly squainose Le])siellas 
having two main spiral cords on the spire-whorls (with a third weak 
one present or absent above them), and eight regular thick spirals 
on the body-whorl, smooth except for the axial lamellation ; axial ribo, 
if present, are numerous (12-16), weakly developed, and not spinosc. 
True Lepsiella (type: P, scobina Q & G.), in contrast to this, has 
only one very strong medial keel on the spire-whorLs, and two distant 
strong keels on the body-whorl (the tyi)e has often a third lower 
keel as strong as the others, and, in its southern form alboynarqinata, 
may have all the keels on the last whorl obsolete) ; axial ribs are 
strong when present, sparse (9-10), and produced into thick, more 
or less spinose nodules on periphery; the whole surface is covered 
with minute laciniatc frills instead of regular axial lamellae. Lep- 
siella includes Scobina (Q. and G.), albomargimata (Desh.), rutila 
(Suter), botanica Hedley, and reticulata (Blainv.), the last two being 
Australian. Lepsithais will cover squamata (Hutton), lacunosa 
(Brug.), patens (H. & J.), youngi n. sp. {vide infra) , vinosa (Lk.), 
aurea (Hedley), and propinqua (Ten.-Woods), the last three again 
being Australian; they are on the whole larger than Lepsiella, 
lacunosa and especially youngi being much larger. The embryo of 
both these groups is paucispiral and rather tall, rather loosely coiled, 
the whorls f-jomewhat globose and smooth, thus agreeing with the 
European lapillus, and differing radically from that of Neothais and 
Agnewut, which is sinusigerous, horny, sharply conic, polygyrate, 
swollen at its base, and set somewhat obliquely on the shell. I have 
not yet seen a perfect apex of Buccinum lacunosvJm Bruguicre, but 
all the «hell features ally it to this scries rather than to the scalaris- 
succincta association, which shows a different aperture. I have 
already noted (1926, p. 421) that patens and squamata arc better 
referred to Thaididae than to Muricidae until the radular characters 
are reinvestigated ; the series patens, squamata, youngi and lacunosa 
is so compact (and has even been thought by some to intergrade, 
though this needs investigation) that considerable evidence must be 
adduced before their dissociation can be agreed to. The Australian 



Finlay. — Recent Mollusca of Chatham Islands. 


259 


members show axial iseulpture; in the New Zealand shells this has 
become obsolete, except occasionally on the earliest whorls. Adelaidae 
is aberrant in having developed a very heavily thickened outer lip, 
like a Morula. 

Lepsithais youugi n. sp. (Figs. 32, 33). 

Shell related to squamata (Hutton), but very much larger and 
more solid, oven rivalling lacunosa in size. The spiral cords arc 
stronger and more projecting, quite like those of the Sydney 
succincta; they are more evenly distributed over the surface of the 
shell, and the interstices are notably wider (broader than the ribs 
instead of narrower). Axial laminations are rude and uneven, more 
distant and irregular. Columella stouter. Kmbryo as described for 
the genus. 

Height, 53 mm.; diameter, 33 mm. (type). 

This is what Suter has recorded (1913, p. 426) as Thais stnata 
(Martyn) from the Chathams, but the affinity is undoubtedly rather 
with squauuda; large examples may have been mistaken for the 
succincia form of N. scalaris, but the details of the aperture (espec- 
ially the columellar characters) and protoconch separate it at once. 

Named after Mr. Maxwell Young, Marine Biologist to the 
Expedition. 

Lepsiella Trcdale, 1912; Proc Mai Soc, (Lond.), vol. 10, p. 
223, 

Lepsiella soobina (Q. & G. 1833). Suter, 1913, p. 426. 

Six examples, all, curiously enough, absolutely typical, and not 
referable to the Forsterian albomarginafa. This recalls my record 
of typical scohina from one restricted locality in Dunedin harbour 
{T.N.Z.J., vol. 55, p. 518, 1924). 


Suborder PULMONATA. 

Family Eli^obiidae. 

Marinula King, 1835; Zooh Journ,, vol. 5, p. 343. 

Marinula chathamensis n. sp. (Figs. 36, 37). 

Differs from filholi in less compact whorling, filhoU simulating a 
squat Pupa, while chathftmensis has the last whorl more dispropor- 
tionate and expanded on a sloj)e as in Limnaea. The aperture is rela- 
tively considerably larger, quite like that of Limnaea or Myxas 
(== Amphipeplea olim) (apart, of course, from the teeth), the inner 
lip being excavated far further into the body-whorl, and the whole 
opening being more pear-shaped and less vertically compressed. 
Teeth slighter, the notch between the upper two being relatively 
larger and wider than in filhoU. 

Height, 7 mm. ; diameter, 4 mm. 

Two examples. Apparently a very distinct regional form. 

LeucoBopsis Hutton, 1884; T.N.Z.I., vol. 16, p. 213. 

Leuconopsis obsoleta (Hutton, 1878). Suter, 1913, p. 593. 

One example. 
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Family ONCHiDnoAE. 

Oncbidella Gray, 1850; Fij/. Moll. An., vol. 4, p. 117. 
Onchidella flaveBcens Wissel, 1904. Suter, 1913, p. 810. 

Oncbidella nigricans (Q. & G., 1832). Sntcr, 1913, p. 810. 

Oncbidella patelloides (Q. & G., 1832). Suter, 1913, p. 810. 

Suter reports these three species from the Chathams ; no speci- 
mens were brought to me. Of the three, the last two are distributed 
in both main islands, but flavescens is otherwise reported only from 
North Auckland. 


Family SiPHONAEiroAE. 

Siphonaria Sowerby, 1824; Gen. Shells, fasc. 21, f. 22. 

Siphonaria zelandica Q. & G., 1833. Suter, 1913, p. 600. 

Common. 

Gadinia Gray, 1824; Philos. Mag., vol. 63, p. 274. 

Oadinia nivea Hutton, 1878. Suter, 1913, p. 603. 

9 specimens. This includes Hipponyx hexagonus, also recorded 
by Suter, but rejected by Powell {Journ. Sci. <md Tech., vol. 6, 
p. 282, 1924). 


Suborder OPISTHOBRANCHIATA. 

Family PYRAMirajiLiDAE. 

Odostomia Fleming, 1813 ; Edinb. Encycl., vol. 7, p. 76. 

The identification of the Recent (specics of this genus in New 
Zealand is impracticable until the Suter types are available, as most 
of them arc so poorly figured. Two species have occurred to me in 
the Chatham material. 

Gomina n. gen. Type : Odostomia dolichostoma Suter, 1908. 
This shell differs *in its capacious aperture, disproportionate 
body-whorl, position of plait, and curiously set nucleus from all the 
other New Zealand species, nor have I seen anything like it from 
Australia. 

Gumina dolichostoma (Suter, 1908). Suter, 1913, p. 336. 

One specimen. This is a very curious record, as I know of the 
species from only three other localities, \ Auckland ( Suter ’s type), 
Doubtless Bay, and Awanui Heads — all typically Cookian. 

Pyrgolina A. Ad., 1863 ; Journ. Linn. Soc., vol. 7, p. 4. 

Pyrgulina rugata (Hutton, 1886). Suter, 1913, p. 344. 

5 examples. 

Turbonilla Risso, 1826; Hist. Nat. Eur. Merid., p. 224. 

Turbonilla zelandica (Hutton, 1873). Suter, 1913, p. 332. 

2 specimens. 

Turbonilla n. sp. 

One apical fragment, with coarser sculpture than zelandica. 
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Family Strombifobmioae. 

Ealima Eisso, 1826 ; Hid. Nat. Eur. Merid., p. 123. 
Eulima archeyi n. sp. 

Small, subulate, perfectly straight, semi-transparent, polished. 
Milky-white outer layer, watery in appearance, where this is worn 
off. A few discontinuous very inconspicuous varices on the right side. 
Spire 3-4 times height of aperture. Emb:^o globular, obtuse. 
"V^orls 9, regularly increasing, almost flat, bulging a little near lower 
suture, base strongly convex. Suture submargined by a more opaque 
band. Aperture shortly and broadly pyriform, somewhat effuse 
below. Outer and basal lips rather strongly convex. Columella and 
inner lip vertical, slightly separated from base, but not forming an 
umbilicus. 

Height, 4.3 mm. ; diameter, 1.5 nun. 

Two examples. This seems close to E. titahica Suter (1913, p. 
349), a species I have not seen, but apparently differs in its straight 
and rather higher spire. 

Named after Mr. Gilbert Archey, Curator of the Auckland 
Museum. 


Family Architectonicidae. 

Philippia Gray, 1847; Proc. Zool. Soc. {Land.), p. 146. 

Philippia lutea (Lamarek, 1822). Suter, 1913, p. 316. 

lleiwrted by Suter ; I have seen no specimens from the Chathams. 

Family Cavounidae. 

Cavolina Abildgaard, 1791; 8kr. Nat. Selsk., vol. 1, pt. 2, 
p. 175. 

Carolina telemus (Linne, 1758). Suter, 1913, p. 55. 

Two examples. 


Family Tethydae. 

Tethys Linn4, 1758 ; Syst. Nat., ed. 10, p. 653. 

Tethys brunnea (Hutton, 1875). Suter, 1913, p. 545. 

One specimen, captured alive by Mr. M. Young. The shell agrees 
well enough with the figure and descriptioff, except that it is rather 
convex, and the left upper margin is almost straight and but little 
excavated. Shape, however, cannot be relied on too much in mem- 
branaceous shells, and I have a North Island shell which is but little 
convex, agrees still better with brunnea, but still has a straight upper 
margin. 

Tethys n. sp. (?) aff. tryoni (Mcinertzhagen, 1880), Suter, 1913 
p. 545. 

Six specimens, the largest measuring about 55 x 40 mm., differ 
from the preceding in greater elongation, acuminate base, little infla- 
tion, and generally different shape. The shape is somewhat that of 
tryoni, but there seems to be no right auricle, the left upper margin 
is not nearly so Jong and oblique, the base is distinctly narrowed 
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and subangled, there is certainly an inner calcareous layer (though 
it is very thin and fragile, falling to pieces on drying), and radial 
striation is quite prominently present. I feel fairly certdn that a 
new species is represented, but careful comparisons with actual 
specimens and, if possible, anatomical investigation, are needed in 
this genus before separation is attempted; too many vague species 
of Tefhys have already been described. 

Family Pleurobranchidae. 

Bouvieria Vayssicre, 1896; Joum, de Conch, vol. 44, 

p. 116. 

Bouvieria aurantiacus (Risso, 1818). Suter, 1913, p. 551. 

Suter, on the authority of Schauinisland, reports this from the 
Cliathams; 1 have not seen it. 


Suborder NUDIBRANCHIATA. 

Fairrily Pionidae. 

Fiona Forbes and Hanley, 1851; Hist. Brit. Moll., vol. 3, 
p. X, note. 

Fiona pinnata (Eschscholtz, 1831). Suter, 1913, p. 586 (as marina). 
The remark made on the last species applies to this one also. 


Class S C A P H 0 P 0 D A . 

Family Dentaliidae. 

Fissidentalium Fischer, 1885 ; Man. de Conch., p. 894. 

Fissidentalium zelandictun (Sowerby, 1860). Suter, 1913, p. 819. 

One very much worn specimen. Suter reports only Dentalium 
opacum Sow. from the Chathams, but that species seems to be a very 
vague one, and improbably from New Zealand. The New Zealand 
members as a whole are very badly in need of revision, and in the 
meantime it seems best to recognize only one large Recent species, 
zelandicum. 1 have examined the single specimen in the Canterbury 
Museum which is the basis of the sole record of opacum from New 
Zealand; it is worn smooth and eroded to a mere fraction of its 
original thickness. It cannot possibly be identified and should have 
been thrown away. 


Class PELBCYPODA. 

Order PRIONODESMACEA. 

Family Nucxjlidae. 

Nucula Lamarck, 1799 ; Mem. Soc. N.H., Paris, p. 87. 

Nucula nitidula A. Adams, 1856. Suter, 1913, p. 833. 

2 specimens. 

Nucula dunedinensis n. sp. (Figs. 1, 2, 43, 44.) 

Shell very small, like a Pronucula, but with typical hinge; con- 
centric sculpture strong, radial very weak. Ventrieose, triangularly 
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ovate, light grejdsh-brown. Beaks at posterior third, inconspicuous. 
Anterior end rather bluntly rounded, the dorsal margin with a slight 
medial bulge ; posterior end somewhat produced and subangled ; basal 
margin flatly convex. Lunule and escutcheon both wide, especially 
the former, but indistinctly indicated. In sculpture a miniature 
replica of Tawera submlcata (Sut.), i.e., with strong concentric ribs, 
regular medially, but a little anastomosing at sides, ridge of ribs 
nearer umbo, interstices narrower; lower surface of ribs slightly 
frilled by close and fine radials, more distinct at sides. Margins 
crcnulated. Resilium pit strong, not much oblique, hinge with about 
nine anterior and isix posterior teeth, decreasing regularly towards, 
and meeting under, umbo. Interior smooth and nacreous, but little 
of sculpture visible in adult shells. Characteristic of the species is 
a thickened radial ridge extending internally from umbo for a short 
distance towards centre of base, usually accompanied externally by 
one or two short irregular radial furrow® immediately below nepionic 
shell. 

Length, 2 mm.; height, 1.8 mm.; diameter, 1.1. mm. 

Locality: Dunedin Harbour, dredged in 3 fathoms (type) ; Chat- 
ham Is., one perfect specimen. 

The single Chatham specimen has the infra-nepionic fun*ows so 
well developed that the sculpture of Acil^ is simulated over that area; 
this, however, may not be constant. 

The specias is similar to N. hartvigiana Pf. in its strong concen- 
tric sculpture (though the ribs arc relatively a little higher and 
.stronger, and the interstices wider), but differs in small size, shape, 
etc. Distinct regional forms of this species occur in the North Island 
and at the Subantarctic Islands. 


Family .Vrcidai:. 

Barbatia Gray, 1847; P.Z,S. Land., pt. 15, p. 197. 

Barbatia novaezelandiae Smith, 1915. Suter, X.Z.G.S. Pal Bull, 
No. 5, p. 82, 1917. 

2 specimens. 

Olydmeris da Costa, 1778; Brit. Conch., p. 168. 

Glycimeris laticostata (Q. & G., 1835). Suter, 1913, p. 851. 

Numerous examples. The species existed there also in the 
Pliocene, and had an ancestral relative, G. t raver si (Hutton), in the 
Oligocene (see Marwick, T.N.ZJ., vol. 58, p. 442, 1928). 


Family Philobryidae. 

Hochstetteria Velain, 1878; Archiv Zool Exper. Generale, 
vol, 6, p. 129. 

Hochstetteria xneleagrina Bernard, 1896. Suter, 1913, p. 859 (as 
Philobrya). 

This is reported by Suter, on Professor H. B. Kirk s authority, 
from the Chatham Is., in roots of Macrocystis^' ; it has not occurred 
to me- 
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Family Ostreidae. 

Ostrea Linne, 1758 ; Syst. Nat., ed. 10, p. 696. 

Ostrea siniiata Lamk., 1819. Iredale, 1924, p. 191. 

Numerous examples. 

The number of species of New Zealand oysters and the correct 
names for them has always been a disputed point, and no finality 
has yet been obtained. Hutton gave one opinion in his Catalogue of 
1873, and altered it in his Manual of 1880. Suter gives a quite 
different account in his own Manual of 1913. Later {N.Z.G.S. PaL 
Bull, No. 5, p. 86, 1917), in a note on E ostrea Ihering, he re-groups 
the species and proposes the name Anodontostrea for forms without 
dorsal marginal crenations; to place this name on a more scientific 
basis I here nominate his first species, 0. angasi Sow. as the type 
species. Oliver then followed with a discussion {Proc. Mai. Soc., vol. 
15, pt. 4, p. 182, 1923) as to the validity of some of the species 
admitted by Suter ; the six Recent forms given by him in the Manual 
are reduced to four by Oliver, reniformis Sow. being dismissed as pro- 
bably indeterminable and certainly not Ncozclanic, and the Dunedin 
rock-oyster ( Suter 's tatci) being synonymised with angasi Sow. 
Marwick {Rep. A.A.A.S., vol. 16, p. 324, 1924) continued the reduc- 
tion of species by rejecting the records of two Australian Tertiary 
forms, arenicola Tate and manubriata Tate. This tendency, indeed, 
had been forecasted by Suter, who remarked (1913, p. 892) that 
‘ * extended observations , . . may lead to a reduction of species. ’ ^ The 
latest comment on New Zealand oysters comes from Iredale (1924, 
p. 192) who, noting that 0. virescens Angas, 1867, having supplanted 
the name angasi Sow., 1871, in Australia, must in turn give way to 
the still earlier 0, sinuata Lamk., 1819, remarks that ^^Thc Ncozclanic 
species known by the latter name {angasi) eeems to be a distinct 
species. ’ ’ 

It is my proposal here to try to simplify matters still further. 
The presence or absence of marginal crenulations, far from being of 
sectional importance, as Suter always held, is, I submit, so variable 
and inconstant as to be valueless in most cases to separate even 
species. Chapman {P.R.8. Viet., vol. 35, N.S., p. 3, 1922) notes that 
0. ingens Zitt., referred by Suter to Anodontostrea, often has 
distinctly crenatc margins. Cossmann {Rev. Crit. Pal, 1918, p, 26), 
in reviewing Suter ’s proposal of this section, remarks, ‘‘mais cette 
distinction est bien fragile et ne justifie pas Tadoption d’un nouveau 
nom. ^ ' Mj" own experience leads me to suspect that even 0. corrugaia 
auct. (not of Hutton),* kept separate by all writers so far, is not 

♦Dr. Marwick writes to me regarding this species: “ The shells usually 
called 0. corrugaia are not this species. Indeed, 1 have not seen a duplicate 
of the type, which seems to be quite distinct from 0. angasi. Its locality is 
certainly not Shakespeare Cliff as given by Hutton. It is from a beach 
outcrop, and may be from the coastline between Wanganui and Hawera.” 
The speciflo name, however, cannot be maintained, as there is a prior 
Ostrea corrugaia Brocchl, 1814 {Conch. Subap., p. 670); I therefore re-name 
Hutton’s New Zealand shell Ostrea fococarens nom. nov. It has an upper 
valve like sinuata, a large area of attachment, and an erect lower valve with 
many ribs, 33 at least; it reaches a size between hefferdi (v.a.) and sinuata, 
and was evidently a rock form. 0. corrugaia Nomland, 1917, an American 
species, has been discussed by Hanna {Proc. Cal. Acad. 8ci., vol. 18, No. 7^ 
p. 174). 
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satisfactorily separable from angasi Sow., whether one takes Recent 
forms or Pliocene fossils. With this proviso, which I think reason- 
able until anatomical invei«rt:igations can settle the matter definitely, 
I am also unable at present to see differential characters between New 
Zealand and Australian specimens. Hutton ^s name 0. luiaria 
p. 84, 1873) would be available for New Zealand shells, 
were they to prove distinct. The name 0. tatei Suter must be dis- 
missed altogether from New Zealand liste; it can be construed only 
as a substitute name for 0. hippopus Tate, non Lamarck; although 
Suter described a New Zealand Recent specimen under this name at 
its introduction, and referred to a figure of it, the ‘‘Atlas’^ was not 
then published, and a complication is thus avoided; the letters '‘n.n.’’ 
after the name, taken in conjunction with the line that follows, 
indicate definitely that the name tatei must be restricted to the Aus- 
tralian Eocene species. Even in this category it is of doubtful stand- 
ing, for Tate had long ago {Trans. Roy. Soc, S.A., vol. 23, p. 268, 
1889) noted the preoccupation of his name, but did not re-name the 
unique specimen, as he (‘onsidered it an individual monstrosity of 
Gryphaea tarda/* If this is really so, the name Notostrea tatei 
(Suter) will take precedence of my N, luhra (v.a.) for the Australian 
form, but Tate’s figure shows a shell very unlike tarda. In spite 
of Oliver’s pronouncement (v.a.), I think that the difference in 
habitat requires that the Dunedin rock-oyster and the Stewart 
Island mud-oyster be kept specifically apart. The shells are recogniz- 
ably different, much more so than many of the fossil species ; so, as 
the name tatei is inadmissable, I now give the name Ostrea hefferdi 
n. sp. to the New Zealand form described and figured by Suter {Man. 
Moll., p. 889, 1913; PI. 57, f. 4). For reasons stated in the ‘‘Further 
Commentary” (Finlay, 1926, p. 353), I select as neotype a specimen 
in my collection from Dunedin Harbour; the specific name is given 
in compliment to Mr. Hefferd, Director of New Zealand Fisheries. 

I have not had very many Australian specimens of sinuata for 
comparison, and it is possible that differential characters may be 
observable in the upper valve, but till long suites from both sides 
can be examined I prefer to unite virescens Angas, angasi Sow., 
lutaria Hutton, and corrugata auct., not of Hutton, under the one 
name, sinuata Lamk. (not to be confounded with sinuosa Gmelin, 
1791). 

As the oysters of New 25ealand have suffered so many vicissitudes, 
I append a list of the species at present admitted to our fauna, and 
a suggested revised grouping of these species: — 

Ostrea s. str. — sinuata Lamk., hefferdi Finlay, fococarens Finlay, 
and 0. charlottae n. sp. for hyotis** Suter, Man. N.Z. Moll., p. 
889; PI. 57, Fig. 2; not of Linn4. The introduction of this name 
into Austral lists is due to Tate, who doubtfully referred to it an 
Australian Middle Tertiary form; Suter continued thisi bad usage 
by so identifying New Zealand Recent shells from Queen Charlotte 
Sound. Tate himself expunged the name from Australian lists in 
1899 {Trans. Roy. Soc. 8 . A., vol, 23, p. 268) as soon as he saw true 
specimens of hyotis, and I now do the same for New Zealand. The 
species is distinct from sinuata, and seems more constant in habit 
than most oysters, it is not uncommon in 60 fathoms off Otago Heads. 
As holotype of my species I choose a specimen in my collection from 
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Queen Charlotte Sound (Figs. 25, 26). The three Oligocene 
Chatham species, cannoni, waitangiensis, and arcula, all of Marwick 
{T,N,Z,L, vol. 58, p. 462, 1928), ma}^ also be referred here. 

Gigantostrea Sacco, 1897 — wullerstorfi Zittel,t mackayi Suter,f 
and wollastoni Finlay {incurva Hutton, t preoccupied, see T»N,Z,I,, 
vol. 57, p. 528, 1927). 

Crofssostrea Sacco, 1897 — ingens Zitt.,* and nelsoniana Zitt. The 
type localities (and their ages) of these two species are not the same, 
so both names may be retained in the meantime. Chapman {P.R,S. 
Viet,, vol. 35, N.S., p. 2, 1922) has s>monymized them and included 
also 0. haicheri Ortmann, when recording ingens from the Australian 
Tertiary, but it is likely that both his identifications and those of 
Hatcher and Ortmann as regards South American records of Zitters 
species are incorrect; typical ingens seems to be Pliocene (Marwick, 
in while th(^ Australian and American shells are Miocene or 

oldei*. 

Lopha Boltcn, 1798 — ghmerata Gould {cucnllafa auct., v.i.), 
gndexi Suter,t and pahiensis n. sp. for ^^0. gudexi’* Marshall and 
Murdoch, T.N,ZJ., vol. 53, p. 77, 1921; PI. 15, Pig. 1; not of Suter. 
The two fossils are somewhat different in type from the Recent shell, 
which has not long (geologically) been a member of the fauna, but 
all may be included in Lopha {=Alectri/onia) for the present. 

Nofostrea Finlay, 1928 ( in Marwick, 1928, p. 432), — proposed 
for Osirea suhdentata Hutton* {Cai, Tert, Moll,, p. 34, 1873). This 
curious little oyster will not fall into any of the above groups, and 
presents a facies all its own. Only the tyjx', a left valve, was known 
to Hutton and Suter, but I have four topotypes representing com- 
plete specimens and the other valve. The latter is rather flat, small, 
thick, deeply excavated for the animal cavity, with a very broad 
bevelled flange forming the margins; for some distance on each side 
of the umbo there is a wide sunken space in this flange finely but 
strongly corragate-granulose ; the muscle scar is tiny, high up, and 
well to the side (§ — f of height and width). The left valve is con- 
cave, much smaller than the right, fitting tightly into the body cavit^^ 
and not overlapping on the bevel, the umbo bent* backwards so that the 
beaks arc wide apart in the closed shell and show the full extent of 
the short hinge and ligament pit. Only concentric sculpture is 
pix^scnt, the right valve almost smooth except for growth lines, the 
left valve with rather strong and broad lamellae. Suter, because of 
the crenulated margins, placed the species in Eostrea Ihering, which 
he later {N,Z,G.S, Pah Bull, No. 5, p. 86, 1917) decided was a 
synonym of Osirea s. str., where he therefore left it; by no stretch 
of imagination, however, can it be regarded as congeneric with the 
British 0. edulis, the genotype. Cossmann {Rev, Grit. Pal, No. 20, 
p. 10, 1916) in his review of Suter ’s work remarks that the reason 
for the use of Eostrea for the species is not indicated, n^est ce pas 
Liostna Douv.?^’ This, however, is a Cretaceous genus (type: 0, 
suhlamellosa Dkr.) with subequal valves and fine radiating striae j 


*N.Z.0.8. Pal. Bull. No. 2, p. 46, 1914. 
t » „ „ No. 5. p. 53, 1915. 

t No. 5, p. 71, 1917. 
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the subgenus Ostreinella Cossmann (type; 0. neglecta Micht. ; 
Miocene) is just as inapplicable, having also subequal, fragile valves. 
In all characters except curvature, however, 0. subdentata seems 
closely related to Gryphaea tarda Hutton (see Marwick, T,N,Z,L, voL 
58, p. 462, 1928) a species that has previously seemed without allies. 
Cossmann, at the reference above given, mentions that the generic 
name Liogryphaea Fischer ought more properly to have been used, 
Gryphaea Lk. being based on the Eecent G. angulata Lk., and thus 
practically synonymous with Ostrea, But, according to Dali {Trans, 
Wag, Free Inst,, vol, 3, pt. 4, p. 673, 1898), Gryphaea was introduced 
by Lamarck in 1801 with nine species, three of which, including G, 
angulaia, were nomina nvda, Thisi, therefore, cannot be the type. 
He goes on, Lamarck selected no type, the type must be sought 
from the first reviser. This was Bose, in the following year, who 
cites the described species, and figures as an example the G, arenata, 
which he refers to the Anomia gryphus of Linne.^’ This G. arcuaia 
is close to, if not identical with G, incurva Sow., of the Liassic. 
Nevertheless, the mere citing or even figuring of an example of a 
genus is not held by the rules to be the definite selection of a type, 
and it w^ould seem that this problem still needs investigation as to 
who first definitely and legally named a type for Gryphaea from 
amongst the \alid species. Cossmann and Peyrot {Conch, Neogtn. de 
L^Aqait, vol. 2, pt. 2, }). 389, 1914) treat Crassostrea as merely a 
divison of the true Gryphaea, and state (l.c., p. 376) that 
‘‘ Liogryphaea abondant dans le Jurassiciue, et remplace clans le 
Crctacique et le Tertiaire irdv Pycnodonta qui y ressemble beaucoup.^^ 
It is evident that neither Gryphaia nor Liogryphaea can be used for 
iarda, which is an Oligocene species; Pycnodonta is somewhat like 
it, but lias a large muscle s(»ar, placed low' down, and a rather 
different hinge; it is unlikely that tarda is closely related to these 
northern stocks, and for the present it seems best to refer it also, in 
spite of its curvature, to Notostrea, It is knowm that the Gryphaea 
form has arisen at different times in the Mesozoic from different 
stocks of oysters (see, for examine, Trueman in Geol, Mag., 1922, p. 
256), so that the resemblance of tarda to such Cretaceous forms as 
vesicularis Lk. is probably puredy fortuitous. Further separation can 
be effected later if the discovery of allies of subdentata and tarda 
shows that two stocks are reinx^sented. The Australian Tertiary shells 
referred, with doubt, by Tate {Trans. Roy, Soc. S.A., vol. 8, p. 98, 
1886) and Harris {Cat, Tert, Moll. BJI., p. 302, 1897) to tarda are a 
distinct siiecies, siiiecimens in my collection showing that the posterior 
lobation is higher up and starts nearer the umlio, attaining its 
maximum medially instead of near the base as in tarda ; the surface 
is rather more rugose and knobby, and the hinge crcnulations appar- 
ently stronger. For the Great Australian Bight specimen figured by 
Tate {Tram. Roy. Soc, S.A., vol. 8; PI. 6, Figs. 2 a, b) I have 
therefore supplied the new name Notostrea lubra (in Marwick, 1928, 
p. 432). 

If 0. sinwata Lk. is ever regarded, on anatomical or other 
grounds, as generically separable from 0, eduUs L., Suter's name 
Anodontostrea will be available for it and the other Austral forms 
referred to Ostrea s. str. 
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Lopha Bolten, 1798; Mus. Bolten., pt. 2, p. 368. 

Lopha glomerata (Gould, 1850). Suter, 1913, p. 891. 

5 examples. This is a remarkable occurrence; Suter gives the 
range of the species as ‘‘ Northern part of the North Island, ’’ and 
Hutton {M<m. N.Z. Moll., p. 175, 1880) gives it as from ‘‘Auckland; 
not found further south.’’ This species, Lepsiella scohina^ and a few 
others, form a curious and distinct Cookian element in the Chatham 
fauna. 

As regards the specific name, Iredale (1924, p. 192) has shown 
that cucullata Bom does not apply to the Austral species, so that 
Gould’s glomeratay described from New Zealand, may be resumed 
for the Auckland rock-oyster. 

Family Pectiniuae. 

Notovola Finlay, 1926; T.N.ZJ., vol. 57, p. 451. 

Notovola novaezelandiae (Reeve, 1852). Iredale, 1924, p. 193. 

4 mutilated valves, which show no siubspecific variation from 
the Mainland shells. 

Chlamys Bolten, 1798; Mus. Bolten., pt. 2, p. 361. 

Chlamys celator n. sp. (Figs. 49, 50). 

Shell very similar to C. zelandiae (Gray), but much larger, and 
with stronger, more prickly ribs; living in sponges. There are some- 
where about a dozen main ribs on each valve ; those of the right valve 
double, and separating into two or three near margin ; those of the 
left valve single, and thus apparently more distant. More or less 
regular primary, secondary, and tertiary interstitial riblets, in 
decreasing order of prominence, are present; this arrangement is 
better marked on left valve, the interstitial ribs on right valve being 
finer and more or less equal. All ribs, especially main ones, studded 
with sharp, high, narrowly spout-like scales. This sculpture is just 
that of zelandiae much exaggerated. The shell, too, has much the 
same style of build, but is notably less elongated, the dorsal margins 
sloping less steeply and spreading outwards lower down. Shell 
rather more inflated, and still ruder in growth-habit than zehmdiae, 
i.e., there are frequent kinks in the shell, the convexity and the out- 
line of basal margin are highly irregular. This feature is character- 
istic of the zelandiae as opposed to the radiatus forms. Apparently 
normally living in sponges, every fresh specimen seen being totally 
inerusted with them; never found attached to rocks on the littoral. 

Length, 40 mm. ; height, 43 mm. 

Locality: Stewart Is. (type; common); South Island beaches; 
Chatham Is., common. 

This is Suter ’s “subsp. gemmulatns^^ of C. zelandiae, but not, 
as Iredale has noted (1915, p. 486), gemmulatus Reeve. His descrip- 
tion is not very good, but his fi^re and localities show that he had 
this form in mind. Whether it is really the Forsterian regional 
representative of the Cookian zelandiae, I am uncertain, so I have 
taken the safest course of describing it as a distinct species; it is 
imquestionably closely allied in habit and sculpture, but the habitat 
is notably different, while, on the other hand, there is another species 
in the south that lives under rocks and on roots of seaweed, just as 
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zelandiae does in the north. This form is distinct from both the 
others and is described below as C. suprasiUs n. sp. The two new 
species are both found fossil in the Upper Pliocene beds at Castlecliff, 
but true zelandiae is not. A specimen of zelandiae (from Motutapu 
Island, under stones at low water) is here illustrated (Pig. 51) for 
comparison with celator. C, zeUmdiae (Gray) and C, grangei Mur- 
doch, 1924, should be added to the list of New Zealand Chlamys given 
by Marwick {T.N.ZI., vol. 58, p. 453, 1928), these two species being 
inadvertently omitted. ‘ 

Chlamys suprasilis n. sp. (Figs. 52, 53, 54, 55). 

At first sight merely a worn celator, but the scaling is different. 
Shell almost exactly like celator in habit and style of sculpture, but 
relatively a little wider and more compressed vertically, the basal 
margin being less convex and shorter, and the dorsal margins meet- 
ing at a wider angle. Both valves less convex, especially the right, 
which, in its early stages is generally flattish or even concave. 
Typically, spinous sculpture is obsolete over most of the shell, the 
strong main ribs (double in the right valve) present as in celator, 
but with only one fairly strong interstitial riblet, and all ribs and 
interstices perfectly smooth and polished, as if secondary sculpture 
had been heavily erased. This stage may last over the whole shell; 
more frequently there are a few sparse scales towards the lower 
margin, or the smooth area may cease suddenly and give way to a 
spinose surface just as in celator ; occasionally spinose sculpture may 
developed over most or all of the surface. The scales, liowever, are 
of a different style, not close, high, and narrowly spout-like, situated 
on sharply angular ribs, but rather distant, low, broadly subtubular, 
and placed on wide, rounded ribs. The ears of both species are 
spinose, but the same difference in the scales is observable. 

Length, 33 mm. ; height, 33 mm. 

Locality: Port Chalmers, near Dunedin (type and others, from 
rubbish scraped from the bottom of a ship which had been in dock 
for several years) ; Dowling Bay, Dunedin Harbour, attached to 
stones at low water mark ; Taieri Beach ; Chatham Is., not uncommon. 
Fossil at Castlecliff. 

It is often difficult to assign beach-worn valves to celator or 
suprasilis with certainty, but fresh specimens are easily separated. 

In colour the two new species show the same variation as is 
seen in zelandiae ; it has not been thought worth while to detail it. 

<!hlamys radiatus (Hutton, 1873). Suter, 1913, p. 877. 

15 valves, agreeing exactly with topotypes, but without their 
characteristic reddish tint, pale-coloured like northern examples. 
This stock isi represented in Oligocene beds at the Chathams by C. 
diathamensis (Hutton) and C. sei/mouri Marwick {T.N.ZJ,, vol. 58, 
pp. 456, 457, 1928). 

The triangular triple ribbing on the upper part of the valves 
of rediatus is so characteristic that the species can hardly be 
mistaken. 

Chlamys dichrous Suter, 1909. Suter, 1913, p. 875. 

8 valves. This species has been difficult to identify satisfactorily, 
and does not appear to be well known. It seems to intergrade by 
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stages with radiatus, nevertheless, the extremes are so distinct that 
the name is worth retaining. It is jxM possible that the 
form represents a hybrid between radiatus and celator, it always 
occurs where these two species are plentiful, but is much rarer, and 
I have not seen it when either of the other two are absent. It differs 
from radiatus mainly in development of sculpture, which approaches 
that of celator. The main ribs become increasingly instead of 
decrcasingly prominent anteriorly, so that at the margin there are 
still some 20 strong ribs, bordered closely on each side by lateral 
riblets, and with still weaker riblets developed for a short distance 
in the interstices, instead of about 80 subequal fine ribsi as in radiatus. 
There is the same triple arrangement on the early part of the valves 
as in the latt(‘r species, but the lateral riblets do not separate far 
fi’om nor reacli the size of the main ribs. A superficial likeness to 
cclaior is thus developed, but the triple ribbing is different in detail, 
and the scaling very much finer, closer, and lower, and the whole 
ornament is seen on inspection to be that of radiatus rather than of 
zelandiae; this is more quickly apparent on the right valve, where 
the double ribbing of zclandiac and celator is absent in diclirous and 
radiatus. Occasionally the ribs are thin and distant, and the species 
is them very like the fossil chathamensis (Hutton) ; Sutcr has com- 
pared the two, and states that the latter has no ctenolium or byssa* 
notch — this is quite wrong. C, oamaruiica Murdoch {T.N.Z.I,, vol. 
55, p. 158, 1924) is another allied fossil species from the Mainland, 
while two other Oligocene (.hatham species C, mercuria Marw. and 
C, titirangiensis Marw. {T.N,Z,1,, vol. 58, pp. 457, 458, 1928) are 
perhaps related. Iredale (Kec, Austr. Mus., vol. 14, No. 4, p. 252, 
1925) has described (\ famig orator iiov. which he compares with 
dichrous, but the peculiar sculpture which he takes as characteristic 
of the latter species (scales only on every third or fourth rib in left 
valve, others smooth) is the exception rather than the rule; I have 
seen only one valve that showed it, scales being generally pi’csent on 
all ribs, though every third or fourth may have them a little 
stronger — this, however, also occurs sometimes in celator. 

Dicin' ous is, as a rule, less expanded laterally and inclined to be 
of more convex and irregular growth than radiatus. To aid in identifi- 
cation of the si)eeies, figures of Chatham spedmens arc here presented 
(Figs. 45, 46, 47, 48). 

It may be noted that Suter described the species from specimens 
found in the stomach of a blue cod caught at Stewart Is.; all the 
Chatham specimens were also obtained from cods^ stomachs, so it 
appears to be a regular constituent of their food. 

Pallium Schumacher, 1817 ; Essai Nouv. Syst. 

Pallium convexus (Q. & G., 1835). Suter, 1913, p. 879. 

17 valves. Closiely related in the Oligocene of Momoe-a-toa is 
P. dendyi (Hutton) (Marwick, T.N,Z,I., vol. 58, p. 458, 1928). 

Family Limidae. 

Limatula Wood, 1839; Ann. Hag. Nat, Hist,, vol. 3, p. 260. 
Limatula maoria Finlay, 1926 ; T.N,Z.I., vol. 57, p. 454. 

11 valves, of slightly larger size than usual, but otherwise typical. 
In lineage at the Chathams is the Oligocene L. morioria Marwick 
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(T,N,ZJ,, vol. 58, p. 461, 1928), while maoria itself lived there in 
Pliocene times. 


Family Anomudae. 

Monia Gray, 1850; Proc, Zool, Soc., 1849, p. 121. 

Monia zelandica (Gray, 1843). Snter, 1913, p. 845. 

5 examples. Monia furcilla Marwick {T,N.Z, L, vol. 58, p. 444, 
1928) is compared by its author rather to M, furcata (Hutton). 

Family Mytilidae. 

Mytilus Linne, 1758 ; Syst. Nat,, ed. 10, p. 704. 

Mytilus ‘‘planulatus Lamk., 1819.’' Oliver, Proc, Mai, Soc, vol. 15, 
p. 181, 1923. 

One large complete specimen. Iredalc has noted (1924, p. 195) 
that the uae of this name for New Zealand shells should be recon- 
sidered. As it has not yet been settled whether the Peronian ohscunis 
Dkr. can be satisfactorily separated from the West Australian planu- 
laivs, and which of the two is nearer to the New Zealand form and 
as no Australian exaini)les are available to me for actual com])arison, 
it isi best to postpone rejection of the name selected by Oliver until 
a stable substitute can be found. 

Aulacomya Moerch, 1853; Cat, Conch. Yoldi, pt. 2, p. 53. 

Aulacomya maoriana (Iredale, 1915). T,N,Z,I,, vol. 47, p. 484. 

A few shells. Also present in the Pliocene of Titirangi (Mar- 
wick, 1928, p. 444) while a related form, A, wilUtsi Marwick, occurs 
in the Oligocene. 

Modiolus Lamk., 1799 ; Mem, Soc. N.II, Paris, p. 87. 

Modiolus areolatus Gould, 1850. Hedley, P,L.S,, N.S,W,, vol. 48, 
p. 302, 1923, • 

Common. This is Suter’s M. australis Gray (1913, p. 867), a 
name rejected by Hedley as practically indeterminable, and not 
applicable to a southern form. 

Modiolus fluviatilis (Hutton, 1878). Suter, 1913, p 867. 

Many examples. The species was described from this locality, 
and I have not been able to match Chatham specimens with any from 
the Mainland. I have not seen North Island shells, but South Island 
specimens — which would be the most likely to agree — are constantly 
heavier in build, more tumid, with a stronger umbonal carina, and 
much higher and more swollen beaks. I am inclined to think that 
the latter rei)resent a new species, and that fluviatilis is restricted to 
the Chathams. This discrepancy in purely Neozelanic forms is suffi- 
cient evidence for rejecting Oliver’s proposal {Proc, Mai, Soc,, vol. 
15, p. 181, 1923) to replace Hutton’s name by confusus (Angas, 1871) 
provided for a Sydney speciea Fluviatilis is common at the 
Chathams, at the mouth of the Waipapa River, in company with 
Potamopyrgus, and many of the specimens are notably fragile and 
deficient in lime, recalling the condition of Austrovenus stutchiuryi 
in the Lagoon. 
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TrichomuscalUB Iredale, 1924; P.L.S., N.S.W., vol. 49, pt. 3, 
p. 196. 

Trichomiiscalus baxbatus (Reeve, 1858). Suter, 1913, p. 868. 

4 specimens. 

Masculos Bolten, 1798 ; Mus. BoUen., p. 156. 

SSascolUB impactus (Hermann, 1782). Suter, 1913, p. 869. 

Common. 


Family Gaimardiidae. 

GaimartUa Gould, 1852 ; U.8. Expl. Exped., vol. 12, p. 459. 

Galmardia forsteriana Finlay, 1926 ; T.N.Z.I., vol. 57, p. 456. 

4 specimens. The allied genus Neogaimardia Odlmer was not 
foimd in the recent collections but Marwick has reported a Pliocene 
species from the Chathams (N. eUgcmtula; T.N.Z.I., vol. 58, p. 463, 
1928). 


Costokidderia Finlay, 1926; T.N.Z.L, vol. 57, p. 457. 

Costokidderia costata (Odhner, 1924). Pap. Mort. Pacific Exped., 
No. 19, p. 68. 

One example. I am atill unable to separate Taieri Beach 
examples from topotypes of Odhner ’s species, the sculpture and shape 
apeeing exactly, while lyaUensis and pedica (both of Finlay., loc. 
cit.) differ at sight in the notably narrower interstices between the 
ribs. This leads to an apparently anomalous distribution, costata 
ranging from Auckland Is. to Chatham Is., while the distinct peMca 
occurs in between at the Snares. AU the examples of costata, fiow- 
ever, come from extremely littoral situations, while the Snares shells 
are from 50 fathoms, so it is probable that bhthymetric rather than 
regional forms are represented, and that shells gathered from littoral 
seaweeds at the Snares would agree with costata. The single Chatham 
specimen agrees fairly well with Taieri Beach examples, but further 
material might qtiite possibly indicate a distinct regional form. 


Order ANOMALODESMACEA. 

Family Myochamidae. 

Myadora Gray, 1840; Ann. Mag. Nat. Hist., p. 306, 

Myadora boltoni Smith, 1880. Suter, 1913, p. 1027. 
Reported: by Suter ; I have not seen it. 


Family Cleidothaeridae. 

Oleidothaerus Stutchbury, 1830; Zool. Joum., vol. 5, p. 97. 
Oleidothaems maorianus Finlay, 1926. T.N.Z.I., vol. 57, p. 474. 

One worn example; otherwise reported only from the Cookian 
region. 
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Order TELEODBSMACEA. 

Family Cabditidae:. 

Oardita Bruguiere, 1792 ; Ewy. Meth., vers. 2, p. 401. 

Oardita aoteana Finlay, 1926; T.N.Z.I., vol., 57, p. 459. 

Common. A closely related Tertiary form at the Chathams is 
0. northcrofti Marvdck from the Oligooene of ‘Whenuataru peninsula 
(see T.N.Z.i., voL 58, p. 464, 1928). 

Venerioardia Lamk., 1801 ; Syst. An. s. vert., p. 123. 

Venericardia purpurata (Desh., 1854). Suter, 1913, p. 905. 

4 valves. V. beata and nuntia from Oligocene beds, and V. 
martini from the Pliocene (all of Marwick; see T.N.Z.I., vol. 58, 
pp. 465, 466, 1928) represent this species in the Tertiary Chatham 
faunas. 


Family CoNDYLOCABonDAE. 

Condylocardia Bernard, 1896 ; Bull. Mus. d'Hist. Nat., Paris, 
vol. 2, p. 195. 

Condylocardia orassicosta Bernard, 1896. Suter, 1913, p. 911. 

One example. The species described by Marwick from the 
Pliocene of Titirangi (C. torquata; T.N.Z.I., vol. 58, p. 466, 1928) is 
of quite a different stjdc. 


Family Lucinidae. 

Divaricella von Martens, 1880 ; Beitr. Meersf. Mauritius, p. 
321. 

Divaricella cumingi (Ad. & Ang., 1863). Suter, 1913, p. 913. 

9 valves. 


Family Ungulinidae. 

This is Family Diplodontidae of American, Australian, and New 
Zealand writers. The name is due originally to Dali, but in his list 
of genera comprising the family he includes U'ngulina Daudin, 1802, 
which is much the oldest generic name of those admitted. Cossmann 
and Pe 3 nrot {Conch. Neogen. VAquitane, tome 1, pt. 3, p. 617, 1912), 
Harris (Cat. Tert. Moll. B.M., pt. 1, p. 375, 1897), Newton {Brit. 
Olig. and Eocene MoU., p. 47, 1891), Stolickza {Cret. Pelec., Pal. 
IndAca, vol. 3, p. 259, 1871), and others seem, therefore, to be moi-e 
correct in using the family name Ungulinidae proposed by H. & A. 
Adams in 1857 {Gen. Rec. Moll., vol. 2, p. 470). 

Zemysia Finlay, 1926 ; T.N.Z.I., vol. 57, p. 462. 

Zemysia zelandica (Gray, 1835). Suter, 1913, p. 917. 

One worn valve. Common in the Pliocene (Marwick, 1928, 467). 

Zemysina Fhilay, 1926 ; T.N.Z.I., vol. 57, p. 462. 

Zemysina stiiatala Mnlay, 1926 ; l.c., p. 462. 

5 complete shells, all juvenile, but apparently less inflated than 
usual. 
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Family Ebycinidae. 

MeUiteryx Iredale, 1924; P.L.8., N.8.W., vol. 49, pt. 3, p. 
207. 

MeUiteryx panra (Desh., 1856). Suter, 1913, p. 922. 

One valve. 

MyUitella Finlay, 1926; T.N.Z.I., vol. 57, p. 464. 

Myllitella pinguis Marwick, 1928. T.N.Z.I,, vol. 58, p. 467, 1928. 

Common in shell sand. I cannot separate the Recent specimens 
from the Titirangi Pliocene fossils. 

The species differs from the Recent Cookian M. vivens Finlay 
(1926, p. 464) in larger size, rather stronger shell, sloping dorsal 
sides meeting at a distinct angle (instead of running almost straight 
across under the beak), and relatively much more solid hinge, the 
laterals being especially strong and projecting considerably into the 
valves as in Lasaea; the ornamentation seems slightly finer. 

Notolepton Finlay, 1926 ; T.N.Z.J., vol. 57, p. 463. 

Notolepton sapguineum (Hutton, 1883). Suter, 1913, p. 925. 

Not uncommon. 

M3r8ella Angas, 1877; Proc. Zool. 8oc. Land., p. 176. 

Mysella unidentata (Odhner, 1924). Pap. Mart. Pacific Exped^ No. 
19, p. 76. 

6 complete specimens. This is Sutcr’s “Rochfortia donaci- 
fenmis.” 

Rochefortula Finlay, 1926 ; T.N.Z.I., vol. 57, p. 465. 

Rochefortula reniformis (Suter, 1908). Suter, 1913, p. 931. 

2 examples. 


Family Kellvidae. 

KeUya Turton, 1822, emended; Diihym Brit., p. 56. 

KeUya suborbicularis (Montagu, 1804). Suter, 1913, p. 923. 
3 valves. 


Family Lasaeidae. 

Cossmann and Peyrot (Conch. Neogen. I’Aquitane, Tome 1, pt. 3, 
p. 543, 1912) have decided to adopt Gray’s family name for the 
Lasaeas, and this has been followed by Odhner (1924, p. 78). 

Lasaea Brown, 1827 ; lU. Conch. 6t. Britain, Explan. pi. 
20, f. 18. 

Lasaea hinemoa n. sp. (Figs. 27, 28). 

Shell close to L. austrodia (Lamk.), but smaller. Darker coloured, 
entirely dark reddish or reddish-brown instead of largely whitish. 
A little less elongate and more regularly quadrilateraUy oval, the 
dorsal margins forming an almost straight line xmder the beaks; in 
australis the posterior dorsal margin slopes suddenly down at the 
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umbo to meet anterior dorsal margin. Australis also has a tendency, 
not shown in hinemoa to become subtriangulate, and develop an 
anterior bluntly angled rostrum; this is more prominent still in 
scalaris Phil. Ilmemoa hasi no sculpture beyond very fine concentric 
rugae ; australis has in addition minute irregular radial scratches. 

Length, 3.7 mm. ; height, 2.9. mm. (the type is a large example ; 
most shells are not much more than half this size). 

Locality: Kiverton, Southland, on seaweeds (type); a common 
Forsterian shell, but not reported north of Banksi Peninsula. 
Chatham Is., several valves. 

This is the Lasaca miliaris^* of Suter, not of Philippi. Sutcr s 
description is not very useful, and his figure is wretched. 

Lasaea rossiana n. sp. 

This is proi>osied for the Macquarie Island shell figured liy 
Hedley in the Mollusca Austral. Antarctic Exped., p. 33, PI. 4, Figs. 
42-44, 1916, and identified by him as L. conswnguinea Smith. Kcr- 
guelan topotypes of that species, however, though closely similar in 
shape and general appearance are rather more elongate and distinctly 
more inequilateral, with less prominent l)eaks. Consanguinen has 
the appearance of a strong slope to the anterior end, as if it had 
been pulled from that direction. Moreover, the hinge of rossiana, 
well figured by Hedley, is altogether more massive and disi)ropor- 
tionate to the size of the shell than that of consanguinea, which is 
much more like australis in this respect. Both rossiana and consan- 
guinea have only fine concentric rugae for sculpture. 

I have this species also from the Auckland Is., where it is rather 
common as a beach shell, and is probably what Suter recorded from 
there as miliaris. 

Odhner^s records of Lasaea minutissiyna*^ (1924, p. 78) refer to 
a mixture of several species. Probably he had no true minutissima 
at all, hisi Stewart Is. shells will be L. hinemoa, and his subantarctic 
specimens mostly rossiana. 

This species is not itself found at the Chathams, but I have 
named it here in order to describe by comparison a very similar form 
which does occur there. 

Lasaea rossiana vexata n. subsp. (Figs. 41, 42). 

Extremely close to the preceding, and at first sight identical. 
The posterior dorsal margin, however, as in L. australis drops down 
under the umbo to meet the anterior dorsal margin; in rossiana the 
line of the margin is more continuous. Translucent white, the hinge 
reddish; rossiana is brownish or red. Differs constantly in having 
fine wrinkles and punctures besides the concentric striae. It is prac- 
tically on this last feature that I give the Chatham shells a distinct 
name; all the valves from there show it, while I have not been able 
to see it on any of a large series of rossiana. The shells are distinct 
from L. neozelanica Suter (which also has wrinkles) and are evidently 
the same as those Suter idtentified as L. scalaris Phil. (Suter, 1913, 
p. 928) from Taumaki and Stewart Islands — ^the latter species is a 
totally distinct form and does not occur in New Zealand. 

Length, 2.4 mm. ; height, 1.9 mm. 

7 v^vea from the Chathams. 
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Family Eeluellidae. 

Oyamiomactra Bernard, 1897 ; Bull. Mus. Hist. Nat., p. 311^ 
CyMniomactea problematica Bernard, 1897. Suter, 1913, p. B99. 

2 valves. 


Family Sphaeriidae. 

Sphaerium Scopoli, 1777 ; Intm. ad Hist. Nat., p. 397. 

Sphaeriom novaezelandiae Deshayes, 1853. Suter, 1913, p. 934. 

Sported by Suter on Professor Kirk’s authority; it is not iiu 
my collections. 


Family Veneridae. 

Subfamily Dosinunae. 

Fhacosoma Jukcs-Brown, 1912 ; Proc. Mai. Soc., vol. 10, pt. 

2 . 

Fhacosoma maoriana (Oliver, 1923). Proc. Mai. Soc., vol. 15, p. 
188. 

3 valves. The only other localities recorded for this s])ccics are 
Lyall Bay and Nelson, so that it seems to have come from the north, 
and its occurrence at the Chathams is of interest. 

Fhacosoma subrosea (Gray, 1853). Suter, 1913, p. 979. 

Reported by Suter; no specimens have occurred to me. The 
record may be based on a specimen of maoriana, which is apparently 
not so rare at the Chathams as elsewhere, but it is quite likely that 
subrosea does occur there. P. wanganuiensis Marwick, an ancestral 
form, is reported from the Pliocene of Titirangi (Marwick, 1928, p. 
469. 


Kereia Marwick, 1927 ; T.N.Z.I., vol. 57, p. 583. 

Kereia greyi (Zittel, 1864). Suter, 1913, p. 980. 

Recorded by Suter, but the record needs confirmation. A related 
new species (K. chathamensis) is described from the Oligoeene by 
Marwick (1928, p. 469). 

Subfamily Venerinae. 

Dosinula Finlay, 1926; T.N.Z.I., vol. 57, p. 470. 

Dosinula zelandica (Gray, 1835). Suter, 1913, p. 985 (as Cytherea 
oblonga). 

Reported by Suter ; I have not seen it. 

Tawera Marwick, 1927 ; T.N.Z.I., vol. 57, p. 613. 

Recent specimens of this genus in New Zealand are very difficult 
to classify. No agreement has yet been reached as to whether there 
is only one very variable species, mesodesma (Q, & G.), or several 
forms. C. spissa (Desh.*) is allowed specific rank by some, not even 
varietal by others. The occurrence of still another apparently recog- 
nizable form in deep water off Otago Heads further eomplicatesi the 
problem. It may prove necessary to lump the lot together under one 
name, but I have adopted in the meantime a separation into three 
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Figs. 1-2 — Nticula dunedinensu n. sp.: holotype X 15 

Figs. 3-4. — Bucctnulum pallidum n, sp.; Chatham Is. shells. X 2. 

Fig. 5. — Bucctnulum pallidum n. sp.: holotype. X 2. 

Fig. 6. — Bucctnulum hneiim (Martyn) : Milford specimen. X 2. 

Fig. 7. — Bvarnula marwickt n. sp.: holotype. X li- 

Fig. 8 — Evarnula marwtckt n. sp.; paratype, Warrington. X 2. 

FiGt 9.-^Evamula manmckt n. sp.: Chatham Is. specimen. X 2. 

Pigs. 10-11. — Euthrena bicincta (Hutton) : topotypes. X 2. 


Face p, 9T6, 
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Fi«s 1213 — Aiistronoba rnaiHnt n sp holotype X 15 
Pig 14 — Eucomtma nassotdes (Reeve) topotype X 2 

Pigs 15-16 — Eucomtma iredalei n sp holotype (f 15) and paratype X li 
Figs 1718 — Acominta a(9speria mmia n eubsp holotype (f 17) and para- 
type X 1 

Figs 19-20 — Axymene traverst (Hutton) topotypes X 4. 
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Plate 40. 



Figs. 21-22-23*24 — Taiina mnnonm n. sp.; holotype. X 1 
Figs. 25-26.— -0.sf mi vluirlottm n. sp.: holotype X - 

Figs. -hasava hinemoa n. sp.: holotype. X 0. 

Figs. ( luii ham tna <h<na(U nstiva n. sp.: piratypes. X 

Figs. 42-44.— ^ uvula (luuvOinvnsis n. sp : paratype X 5\. 
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PLATI5 42. 



43*44. — Sec two plates back. 

Figs. 45-46-47-48. — Chhihiys dtchrouH Suter: Chatham Is. specimens. X 1- 
Figs. 49-50. — Chlamys vclator n. sp.: holotype. X S- 

Figs. 56-57. — Emarginitla stnatula valnitior n. subsp. : liolotypc, X 1* 
Figs. 60-61-62-63. — Austrofiisus cfmthamt^nsis n. sp.: holotype (62, 63) and 
paratype. X i 
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nominal ‘‘species/’ all of which occur at the Chathams. This par- 
ticular matter will probably always remain a personal one, and its 
solution dependent on the inclinations of the worker; I am myself 
very reluctant to merge names so long as there is any possibility of 
their being useful to cover distinguishable forms. The two mid- 
Pliocene species of this group, T, sub sulcata (Suter) and T. marthae 
Marwick (the latter from the Chathams, see T,N,Z,I,, vol. 58, p. 471, 
1928), are easily separable from the Recent forms by their long liga- 
ment pit, equal to or greater than half the length from beaks to 
posterior extremity in the fossils much less than half the distance in 
the living shells. 

Key to the Recent forms: — 

(a) Beaks prominent, inflated and largely overtopping hinge; 

lunule wide and rather short, concave ; shell subtriangu- 
lar, very gibbous; posterior dorsal area swollen, not 
hidden from the front by any expansion of the margins ; 
9-11 concentric ribs per cm. in centre of valve; hinge 
solid and teeth rather long T, spissa, 

(b) Beaks inconspicuous; lunule narrow and long, distinctly 

convex, and usually a little raised ; shell subtriangularly 
ovate, rather compressed; posterior dorsal area incon- 
spicuous, hidden from the front by the high, subangled, 
slightly winged and expanded margin; 10-10^ concentric 
ribs ixir cm. in centre of valve ; hinge rather weak and 
. teeth short T. marionae. 

(e) Beaks usually inconspicuous; lunule narrow and long, 
lightly convex, and usually but little raised; shell 
elongate oval, moderately inflated ; posterior dorsal area 
usually weak, but never hidden by expanded margins; 
13-15 concentric ribs per cm. in centre of valve, radial 
sculpture practically obsolete (radial scratches and 
grooves are usually rather prominent in the other two 
forms) ; liinge narrow, teeth short T, mesodesma, 

Tawera marionae n. sp. (Figs. 21, 22, 23, 24). 

Differs from mesodesma (Q. & G.) in larger size; relatively 
higher, less elongate, more trigonally ovate shell; much coarser sculp- 
ture, the concentric ribs (lO-IOJ per cm. in centre of valve) thick, 
adpressed, sharply edged behind and flattened down in front, inter- 
stices half to whole width of ribs, radial sculpture generaUy well 
marked as irregular scratches and grooves, more prominent pos- 
teriorly. The concentric ribs very often do not exactly follow the 
growth lines and arc truncated by them towards the anterior and 
posterior sides; this feature is often very marked between one resit 
period and another, the ribs taking quite different directions and 
producing a strikingly uneven effect ; the ribs sometimes anastomose 
at the anterior end and at both ends become lamellose near the 
margins; the coarse sculpture continues almost up to the prodisso- 
conch. Beaks not quite at anterior third low and inconspicuous. 
Anterior margin sloping at about 40 degrees only a little interrupted 
by the lightly convex lunule. Posterior margin with a bulge just 
past the end of the hinge where it is expanded and forms a slight 
wing which from the front hides almost all the escutcheon and 
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})osterior dorsal area. Ligament pit less than half distance from beaks 
to posterior end. (Tenerally much darker coloured than mesodesma, 
greyish-brown, very rarely with zigzag colour stripes, usually com- 
pletely white inside, but sometimes with small patchcsi of violet. 
Hinge narrow, the teeth rather low and widely divergent, but well 
forward ; right anterior cardinal sublaminar, nearly parallel to 
margin; median rather stout, triangularly elevated, sloping well 
forwards, a deep narrow groove near its hinder edge; posterior not 
large, pointing at pallial sinus, bifid: left anterior strong, thin and 
sharp under umbo, much stouter below, not subparallel to margin; 
median small, moderately thick, bifid ; posterior very small, lamellar, 
not reaching the curve in the hinge line. 

Height, 28 mm.; length, 33 mm.; width (2 valves), 16 mm. 
Locality : Off Otago Heads in 60 fathoms (type and many others) 
and 20 fathoms, riiatham Is., two complete specimens and three 
valves. 

Tawera spissa (Desh., 1835). Suter, 1913, p. 991 (as C, crassa). 

One typical specimen. 

Tawera mesodesma (Q. & G.). Suter, 1913, p. 991. 

Two valves, one with extremely fine concentric sculpture. 

Austrovenus Finlay, 1926; T.N,Z,I., vol. 57, p. 470. 

Austrovenus stuchburyi (Gray, 1828). Suter, 1913, p. 987. 

5 specimens. I have been told that in the Great Lagoon at the 
Chatham Islands this species is veiy stunted, owing to the brackish 
water habitat, and develops only a very thin and fragile shell. Unfor- 
tunately no such s|)ocimens were collected for me. 

Subfamily Paphiinae nov. 

This group, usually called Tapetinae, seems more homogeneous 
and distinct than any other major group of the Venerids. In New 
Zealand it includes the following genera ; — Papliia Bolten, 1798 (sub- 
genus Callistotapes Sacco, 1900), Gomphina Moerch, 1853 (subgenus 
Gomphinella Marwick, 1927), Protothaca Dali, 1902 (siibgenus 
Tuangia Marwick, 1927), Notopaphia Oliver, 1923, Eumarcia Iredale, 
1925 (with subgenus Atmnarcia Marwick, 1927), Paphirus Finlay, 
1927, Irona Finlay, 1927, and Cyclorisnvina Marwick, 1927. If a 
group name is used, it must be derived from Paphia rather than from 
Tapes Megerle, 1811, the former having thirteen years priority. 

Tuangia Marwick, 1927; T.N.Z.L, vol. 57, p. 623. 

Tuangia orassicosta (Desh., 1835). Suter, 1913, p. 996 (as P. costata) 
1 valve. 

Paphirus Finlay, 1926; T,N.ZJ., vol. 57, p. 471. 

Paphirus largillierti (Phil., 1847). Suter, 1913, p. 995 (as P. infer- 
media), 

4 valves. Common at Titirangi (Pliocene). 

Notirus nom. nov. for Trona Finlay, 1926 (T,N,ZJ,, vol. 
57, p. 471), non Ironns Bastian, 1865 {Trans, Linn, Soc, 
Land., vol. 25. p. 103). 

Notirus reflexus (Gray, 1843). Suter, 1913, p. 998. 

Not uncommon. 
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Family Tkllinidae. 

Macomona Finlay, 1926; T.N.Z.L, vol. 57, ]). 466. 

Macomona liliana (Iivdale, 1915). Suter, 1913, p. 948 (as T. deltoi- 
dalis), 

Tliere is a specimen of this shell reputed to have come from the 
Chatham Islands in the Otago Univei'sity Museum. 

Zearcopagia Phnlay, 1926 ; T.N.Z.L, vol. 57, ]>. 466. 

Zearcopagia disculus (Desh., 1855). Suter, 1913, p. 951. 

Rather common. 


Family (tARIdxe. 

Oari Schumacher, 1817 ; Essiai. Nouv, Stjst., p. 44. 

Qari lineolata (Gray, 1835). Suter, 1913, p.*1002. 

Not uncommon. The only species reported from tlic Tertiary by 
Marwick (1928, p. 472) is G, siangeri (Gray), which is common in 
the Pliocene. 

Soletellina Blainville, 1824; Did, Sci. Nat., vol. 32, p. 350. 
Soletellina sp cl‘. siliqua Reeve. 

8 valves, all more or less worn. IMicy seem to differ from my 
northern and southern specimens of siliqua in larger size and more 
uniformly elongate oval shape, the dorsal and basal margiiLs being 
subparallel, and the posterior end not narrowly acuminate ; the beaks 
are almost median ; a characteristic featuiv is that the anterior dorsal 
margin and the nymph form a continuous, almost straight lino. I 
have seen no shells quite the same from the mainland, and a new 
species is imssibly re])reseiitcd, for the Chatham shells differ quite as 
much from both nitida and siliqua asi these twm from each other. As, 
however, species of this genus are somewhat variable, the si)ecific 
characters of neither nitida nor siliqnn being so well defined that they 
are easily separable, and as there are already other names (e.g., -8. 
niicns Tryon) proposed for New Zealand specimens, wso that ample 
material is necessary for a revision of the species, it is better to with- 
hold nomination at present. 


Family Mactridae. 

Longimactra new genus. Type: Mactra clongata Q. & (b 

Longimactra elongata (Q. & G., 1835). Suter, 1913, p. 965. 

One valve. This species is not a Mactra, as Suter has placed it, 
since it has no shelly ridge separating the ligament from the chondro- 
phorc. Woodring (Miocene Molluscs from Bowden, Jamaica, Cam. 
Inst., Pub. No. 366, p. 184, 1925) remarks that, ''The absence of a 
ridge between the ligament area and chondrophore is the most char- 
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acteristic feature of the genus Spisxda.'' Hutton's final location of 
this species in Hemimacira {P,L.S,, N,8,W,, vol. 9, p. 518) was there- 
fore nearer the truth. The species, however, is not much like any 
other Spisula, and has been variously located in Mactra, Spisula^ 
Standella, Hemimacira , and Mulinia, The characteristic very 
elongate form, colour scheme of spots and dashes, deep sinus, huge 
muscle scars, and horizontally extended hinge are best expressed by 
locating the form in a new genus. Two further new genera seem to 
be required for New Zealand Mactroids: — Scalpomactra Finlay, 1928 
(in Marwick, 1928, p. 432), proposed for Mactra scalpeUum Reeve^ 
and Maortmactra n. gen. for Mactra ordinaria Smith.; both these 
have a long lino of Tertiary ancestors in New Zealand. Scalpomactra^ 
like Longimactra, has been wrongly referred to the Mactrinae ; it is a 
Spisuloid genus, the ligament being extremely minute and difficult 
to discern but certainly not separated off by any shelly process ; the 
differences in hinge and growth stages prevent the reference of seal- 
pellxim to Longimactra with which it superficially agrees in elongate 
shell. Maorimactra, o^ the other hand has been just as erroneously 
associated with Spisula, it has a prominent shelly plate separating 
the ligament from the resilium and is truly Mactroid, even as Smith 
originally thought; the very small size, characteristic Corhula-like 
contour, and hinge arc the most decided generic features. 

Scalpomactra Finlay, 1928. Type : Mactra scalpcllum Reeve. 
Scalpomactra scalpellum (Reeve, 1854). Suter, 1913, p. 963. 

3 large and perfect examples taken from fishes’ stomachs. 
These show distinctly the curious shape of the resilium; a stoutish, 
obliquely placed, isosceles triangle below, produced above into a long 
narrow spike, curved to the front, to the top of this the minute liga- 
ment is united for nearly all itsi length. The lateral teeth are not 
grooved internally. Marwick obtained fragments of this species from 
the Pliocene beds (1928, p. 469). 


Family Amphidesmatidae. 

Taria Gray, 1853; Awn. Mag, Nat, Hist,, ser. 2, vol. 11, p. 

44. 

Taria subtriangulata (Wood, 1828). Finlay, 1926. p. 467. 

One valve. Oliver (1923, p. 187) states that shells from the 
Chathams ^‘are almost invariably of the broad-angled thin form,’^ 
and that the angle formed by the dorsal and posterior sides varies 
through several degrees. ' ' I have not a range of specimens to deter- 
mine the amount of variability of the Chathams, but the single valve 
s(mt me is distinctly of the northern type, solid, elongate, with very 
short and bicarinate posterior side, and thus referable to suhtriangu- 
lata (Wood). It would be very interesting if the broad, triangu- 
larly ovate, unicarinate forsteriana Finlay were to occur at the 
Chathams also as this would prove the two forms absolutely distinct, 
instead of only regional relatives. Till evidence is forthcoming, 
however, it seems best to admit only sxibtriangvlata to the Chatham 
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fauna. Marwick vol. 58, p. 468, 1928) has compared his 

Amphidesma porrecium (Pliocene, Titirangi) with subtriangulatum. 

Paphies Lesson, 1831; Zool, Voy. ‘^Coquillc/^ vol. 2, pt. 1, 
p. 424. 

Paphies australis (Qmelin, 1791). Suter, 1913, p. 960. 

Reported by Suter ; no specimens were sent me. 


Family Corbulidae. 

Corbula Bruguiere, 1797 ; Ency, Mcih, {Tall, Vers.), PI. 230. 

Corbula haastiana Hutton, 1878. Suter, 1913, p. 1011. 

One perfect specimen, identified by Suter (1913, p. 1008) as 
Corbula gibba (Olivi). In spite of Suter ^s declarations to the con- 
trary, I believe that the sole specimen of his ^^gibba^* is the siame 
species as the unique right valve of haastiana Hutton, which I think 
is an abnormal one. Some accident or disease has caused a deep pit 
to be formed under the umbo, and the hinge is much distorted in 
consequence, the cardinal tooth being absent or broken away. This 
has also affected the growth of the shell, the anterior end being con- 
siderably produced downwards, while the posterior truncation is very 
short, the beaks being actually nearer the posterior end. Otherwise, 
in sculpture, epidermis, general appearance, etc., the two shells are 
identical and specifically are very close to the Tertiary forms grouped 
around C. pumila Hutton (see Suter, N.Z.G.S. Pah Bull. No. 3, p. 60, 
1915). As a si)ecies, haastiana could easily be a direct descendant of 
pumila. The Chatham Is. specimen, on which the record of gibba is 
based, does not agree with any of the figures of this European form 
given by Forbes and Hanley, H. & A. Adams, Reeve, Cossmann, etc., 
being too elongate, and the right valve apparently different in shape 
and sculpture. I have already {T.N.Z.I., vol. 57, p. 472, 1926) 
rejected this record of gibba, on the assumption that if Suter 's shell 
was really gibba it was not Neozelanie, wliile if it was from New 
Zealand it was not C. gibba; but now that I have examined and care- 
fully compared the actual specimens of ''gibba^' and haastiana, I 
think that the locality of the former is quite likely to be correct, 
especially when one bears in mind the previous existence here of 
closely allied Tertiary forms. The state of preservation of the 
specimen, which is not at all worn, and has the dried animal inside, 
is rather against its being a Chatham beach sheU, but it may have 
come from a fish stomach. On the whole, therefore, it seems best 
to regard it at present as a more normal development of the species 
haastiana Hutton, and descended from the Tertiary pmndla Hutton. 

Aloidis Megerle, 1811; Ges. Nat. Fr, Berlin, Mag. 5, No. 1, 
p. 67. 

Aloidis zelandica Q. & G., 1835. Suter, 1913, p. 1010. 

2 valves. A related species from the Tertiary of Wlienuataru 
Peninsula is C. howesi Marwick {T.N.Z,L, vol. 58, p. 472, 1928). 
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Family Saxicavidae. 

Saxicava Bellevue, 1802; Joum, PJiys., vol. 54, p. 5. 
Saxicava australis (Lamk., 1818). Suter, 1913, p. 1012 (as S. arctica). 
8 valvesL 

Panope Menard, 1807 ; Mem, Nouv, Genre Coq. Biv,, p. 31. 
Panope zelandica (Q. & G., 1835). Suter, 1913, p. 1013. 

1 valve. 

The new g:encric and specific names proposed in this paper are 
as follows; — 

Montforiula chathamensis n. sp. 

Emarginula striatula valentior n. subsp. 

Monodilejms skinneri n. sp. 

Austronoha martini n. sp. 

Lyroseila n. gen. for Seila chathamensis Suter. 

Trichosirius inornatus chathamensis n. subsp. 

Xenogalea collactea n. sp. 

Xenogalea powelli n. sp. 

Uberella n. gen. for Natica vitrea Hutton. 

Zenepos n. subgen. for Daphnella totoUrata Suter. 

"^Ellicea Finlay for Siphonalia orbifa Hutton. 

Chathamina n. subgcn. for Tritonidea fuscozonata Suter. 
Chathamina characteristica n. sp. 

Buccinulum pallidum n. sp. 

Evurnula martvicki n. sp, 

Austrofusus chathamensis n. sp. 

Acominia ads per sa nimia n. subsp. 

Eucominia iredalei n. sp. 

Paxula allani n. sj). 

Lepsithais n. gen. for Polytropa squamata Hutton. 

Lepsithais youngi n. sp. 

Marinula chathamensis n. sp. 

Gumina n. gen. for Odostomia dolichostoma Suter. 

Eulima archeyi n. sp. 

Nucula dunedinensis n. sp. 

Ostrea charlottae n. sp. 

Ostrea hefferdi n. sp, 

Ostrea fococarens nom. nov. for 0. corrugata Hutton, non Broeehi. 
^Notostrea Finlay for Ostrea subdentata Suter. 

^Notostrea lubra Finlay for Gryphaea tarda Tate, non Hutton. 
Lopha pahiensis n. sp. for Ostrea gudexi M. & M., non Suter. 
Chlamys celator n. sp. 

Chlamys suprasilis n. sp. 

Lasaea hinmxoa n. sp. 

Lasaea rossiana n. sp. 

Lasaea rossiana vexata n. subsp. 

♦To avoid priority confusion these four new names have already been 
formally proposed in a preliminary note to Dr. Marwick's paper on the 
Chatham Is. Tertiary Mollusca iT.N.Z,I., vol. 58, p. 432, 1928), but are 
included here for sake of completeness. 
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Tawera marionae n. sp. 

Notirus nom. nov, for Irona Finlay, non Ironus Bastian. 

Longimactra n. gen. for Mactra elongate Q. & 0. 

^Scalpomactra Finlay for Mactra scalpellum Reeve. 

Maorimactra n. gen. for Mactra ordinaria Smith. 

The following new Family or Subfamily names arc also 
indicated : — 

Family Talopiidae nov. 

Family Bembiciidae nov., to replace Risellidae. 

Family Buccinulidae nov. 

Subfamily Siphonaliinae nov. 

Subfamily Paphiinak nov., to replace Tapetinae. 

Of the 202 species now recorded from the Chathams, 112 are 
more or less universally distributed throughout the Maorian Sub- 
Region, 31 arc of distinct Forsterian affinities, 28 have closer allies 
in the Cookian region than elsewhere, and 31 seem at present to be 
endemic. All forms whose distribution is not well known, or regard- 
ing which I have any doubt, have been placed amongst the 112 in 
making this census, so that the other figures can be taken as fairly 
representing the pro])orti(mate influence of other regions on the 
molluscan fauna of the Chathams. The Forsterian influence is, 
however, more predominant than th(' actual figures show; of the 28 
North Island forms, only four (Triviella niemorata, Macrozafra suh- 
abnormis saxatilis, Giwiina dolichostoma, and Lopha glomerate) are 
really restricted regional forms, while the 31 species of South Island 
affinities include many highly characteristic Forsterian shells, such 
as Thoristelln Chatham en sis, Manrea cunninghami pagoda, Uhcrella 
vitrea, Buccinulnm pallidvm, Evarnnla marwicM, Austrofusus glans 
agrestior, Nucula dunedinensis, Chlamys celator, C. mprasilis, 
Gaimardia forsteriana, Costokidderia costata, Mysella unidentata, 
Lasaea hinemoa, and L. rossiana vexata. Of the 31 endemic forms, 
the most notable and characteristic are: Plaxiphora schaninslandi, 
Monodilepas skinneri, Margarella fulminata, Chaihamina character- 
istica, Euthrena bicincta, Anstrofusus chathamensis, Encominia 
iredaleif Paxula allani, and Lepsithais youngi. It is worthy of note 
that many of the Chatham shells are larger, stouter, and of heavier 
build than their Mainland relatives, e.g., Acominia adspersa nimia, 
Monodilepas skinneri, Enihrena spp., Eucominia iredalei, Axymene 
traversiy Lepsithais youngi, etc. ; the reason for this is obscure, unless 
it has to do with the prevalent heavy weather and stormy seas in 
that region. It is also noteworthy that no Volutes seem to occur in 
either the Recent or the Pliocene fauna, though one {Waihaoia 
(Pachymelon) renwicki Marwick, sei* T.N.Z.L, vol. 58, p. 488, 1928) 
is found in the Oligocene beds there ; the apparent absence of Alcifhoe 
arabica and gracilis is remarkable. Similarly, in the family Buccinu- 
lidae Awhile the subfamily Buccinulinae is strongly represented in 
the Recent fauna by four genera (Buocinulum, Chathamina, Ever- 
nula, and Euthrena) with six species, four of them being amongst 
the commonest Chatham shells, it is wanting in the Tertiary; con- 
versely the subfamily Siphonaliinae, represented in the Oligocene by 
Verconella asper Marw. and Pittella valida Marw. (i.c., pp. 485, 486), 
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has no Recent or Pliocene members, the absence of Verconella adusta 
and mandarma being again remarkable ; but most of these are shore 
shells, which may account for their absence. The whole Recent Mol- 
luscan fauna of the Chathams, however, seems independent of the 
Tertiary faunas; the most characteristic shells now inhabiting its 
shores are not represented in the Pliocene beds (which are of sh^ow 
water facies, and therefore the most likely to contain these forms, 
if present), the only endemic Recent sipecics which are also found 
fossil there being Mylitclla pinguis and Zegalerus crater. Although 
a few forms {V cnencardia purpurata, Taria suhtriangulata, Tawera 
marionac, Eucommia ircdalei, and Zeatrophon ambiguus) have more 
or less closely allied representatives (V. martini, T, porrecta, T. 
marthae, E. ellisoni, and Z. mutabilis, all of Marwick, see T.N.Z.L, 
vol. 58) in the Pliocene fauna of Titirangi, there is little reason for 
believing the lineage direct; the ancestors of the Recent species are 
more probably Mainland fossils — in several cases this is demon- 
strably so. The converse is not quite so evident; many of the 
Pliocene species are, of course, identical with the Recent forms, and 
there is a general generic agreement (Eumarcia plana and Glycimeris 
waipipiensis are unrepresented in the Recent fauna, but this is also 
the case on the mainland, where these species again occur in Pliocene 
bedsi of the same horizon) ; but even if it is admitted that the 
Pliocene fauna may have lived on in the same locality, it is plain that 
the Quaternary period has witnessed notable additions, both generic 
and specific. 

Consideration of all the above facts leads one inevitably to 
believe that the Recent Molluscan fauna of the Chatham Islands is 
not a remnant or evolution of the Tertiary faunas found there, but 
a re-population from the Mainland, in post-Pliocene times, but yet 
long enough ago for charasiteristic regional species and subspecies 
to have evolved. Every one of the endemic species can be regarded 
as lately evolved from a Mainland form or its direct ancestor; the 
two genera Mantfortula and Magilina which are now first reported 
as constituents of the Maorian Recent fauna arc certain to be dis- 
covered also on the Mainland. The case of Ausirofusus chathamensis 
may be considered in this connection. It is now apparently restricted 
to the Chathams, but I have noted (antea) that it seems to occur 
fossil on the Mainland in the Castlccliif Upper Pliocene beds, where 
the genus shows great variation and seems to be evolving distinct 
forms. These apparently reached the Chathams after the Pliocene 
(no Austrofums has so far occurred in any of the Chatham Tertiary 
beds) and the chathamensis form alone survived in that locality, 
while the glans form developed solely in the Cookian region, and gave 
rise to its Forsterian representative glans agrestior; this apparently 
was later also carried to the Cliathams, from the South. 

A census of the present fauna seems to indicate that the active 
factor in this re-population has been ocean currents, acting from 
both North and South, but predominantly from the latter. The great 
cold-water current that sweeps south of Australia, over the Tasman 
Sea, round the southern extremity of New Zealand and Stewart 
Island, and up the east coast, finds the Chathams then directly in 
its path, and must be responaible for the larger part of its present 
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molliiscan fauna. Most of the remainder has probably been brought 
by that branch of the warmer Notonectian current which, after 
sweeping down the east coast of Australia and also across the Tasman 
Sea, strikes up the west coast of the South Island and then divides 
somewhere in the North Cookian region, the branch tliat concerns 
us then returning south through Cook Strait, and disappearing in 
the direction of the Chathams. An insignificant residue may have 
remained or evolved from the Pliocene fauna of the Chathams. 

A complete list of the endemic shells (so far as known) is 
as follows. Species whose derivation seems evidently from the north 
are marked those from the south the approximate 

equality in number of these two still further indicates the hetero- 
geneous nature of the Chatham Island Recent molluscaii fauna: — 


Maorichiion schauinslandi 
(Thiele). S. 

Scissurella n. sp. S. 

Sinezona suhantarctnea var. S. 
Tugali suteri (Thiele). N. 
Montfortula chathamensis 
Finlay. N. 

Monodilepas skinneri Finlay. S. 
Margarella fulminaia 
(Iluton). S. 

Liotclla n. sp. 

Radiacmea rnhiginosa (Hutton) 
Cellana chathamensis (Pils.). 
Estea 11. sp. aff. minor (Sutcr). 

S (?). 

Estea sp. cf. suhfusca (Suter). S. 
Austronoha martind Finlay. N. 
Trichosirivs chathamensis Finlay. 

30 species; 10 of northern ai 


Zegalerus crater Finlay. N (?). 
Magilina n. sp. 

Chathamina characteristica 
Finlay. N. 

Euthrena hicincta (Hutton). S ( ?). 
Austrofusus chathamensis 
Finlay. N. 

Aco7ninia rvimia Finlay. N. 
Eucominia iredald Finlay. S. 
Paxiila allani Finlay. S. 

Axymene traversi (Hutton). 
Lvpsithaxs youngi Finlay. S. 
Marinula chathamensis Finlay. 
Eulima archeyi Finlay. N. 

Tethys n. sp. ( ?). N. 

Modiolus fluviatilis (Hutton). 
Mylhtclla pinguis Marwick. N. 
Solctellixia n. sp. (?). 

finities, 11 of southern, 9 doubtful. 


Tliis list of endemic forms, heterogeneous in origin though they 
may be, is sufficient to give the Chatham Islands the status of a 
distinct faunal region. Accordingly, I have elsewhere {Verheek Mem. 
Birthday Vol., p. 168, 1925) proposed for this region the name 
Moriorian Province, as a division of the Maorian Sub-Region. This 
is also geologically {vide Allan, N,Z. Journ. Sci. and Tech., yol. 7, 
pp. 290-294, 1925) necessary, while the palaeontological evidence 
(vide Marwick, T,N.Z.L, vol. 58, pp. 432-506) of the peculiarity of 
the Tertiary faunas is further justification. 

The following forms were taken by Mr. R. S. Allan from the 
stomaclis of cod during the fishing season 

Monodilepas skinneri, Haliotis australis, Cominella maculosa, 
Chlamys celator, C. suprasilis, C. radiatus, 0. dichrous. Pallium con- 
vexus, Limatula maoria, and Paphies australis. 

In conclusion, I wish to thank the Otago and Canterbury Insti- 
tutes for the opportunity of studsdng this interesting fauna, and 
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especially all those members of the expedition who so kindly made 
this possible by giving up valuable time from their own labours to 
collect the shells for me. To Messrs. Young and Allan, and Dr. Marwick,. 
I am especially indebted for information and observations which, 
owing to my own inability to join the party, I would otherwise have 
lacked entirely; any merits the present account may have are due 
to the efiforte and forethought of thesie and other members of the 
Expedition. 
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The Flora of the Waipaoa Series (Later Pliocene) 
of New Zealand. 

By W. E. B. Oliver, M.Sc., F.L.S., F.N.Z., Inst. 


{Read before the Wellington Philosophical Society, 24th October, 
received by Editor, 9th March, 1928; 

10th August, 1928,\ 

Plates 44-45. 

Material X The plants described in the following account consist 
of two small collections made in the same locality, namely, near 
Ormond, in the Poverty Bay Distri(*t, New Zealand. The first was 
made by Mr. II. Hill, about 1910, the second by Mr. M. Ongley, of 
the New Zealand Cleological Survey, during 1914-16. Both collections 
are the property of the Geolo^cal Survey, and were placed in the 
hands of the author for identification by the late Director, Mr. P. 
G. Morgan. The specimens are at present deposited in the Dominion 
Museum, Wellington. The material consists of carbonized remains 
and impressions of leaves and in some eases fruits on a fine-grained 
volcanic silt. Many of the s{X)cimens were too fragmentary for 
identification, but from those sufficiently well preserved, thirty-one 
species have been described. Associated with the leaves were several 
impressions of fish skeletons and fins. In size they agree with the 
Recent fresh-water fish Gohiomorphus, 

Geological Horizon: The fossils were found in a finely-laminated 
pumiceous silt which outcrops along an escarpment for about half a 
mile. Impressions of leaves occurred here and there along the 
western end, but only in places were the leaves found in any 
quantity. The author visited the locality in 1926, but found only 
a few leaf remains. 

The b(»ds lie in a Tertiary valley, and with others of similar 
lithological character and strati graphical j)osition are classed as the 
Waipaoa Series. 

Age. (1) Palaeozoological. The information under this head 
has been kindly supplied me by Dr. J. Marwick, Palaeontologist to 
the New^ Zealand Geological Survey Department. In their report 
on the Geology of the Gisborne and Whatatutu Subdivision, Ilcmder- 
son and Ongley give a list of mollusca supposed to have been found 
in beds of tlie Waipaoa Scries in the Kaiti Hills and said to be of 
older Pleistocene age. Dr. Marwick informs me that the authenticity 
of the collection is challenged, that it is very like Castlccliff material, 
and that recent search has failed to find a similar fauna in the 
locality. Further, it is of later Pliocene age. In the Kaiti Hills 
Dr. Marwick could find only impressions of Chione sUtfehbunji 
(Gray). 

The only other locality in which beds of the Waipaoa Scries 
contain marine fossils is a hill east of the junction of the Oweka 
and Maddox streams. Here the following mollusca wei’e collected 
by the officers of the Geological Survey: — Nucula hartvigiam Pfr., 
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Ostrea angasi Sow., Dosmia grayi Zitt., Chione stutchburyi (Gray), 
Bassina Yatei (Gray), Cominella aff. adspersa Brug., Acteon sulcatus 
(Hutt.). The presence of Acteon sulcatus gives evidence of the beds 
being of Castlecliffian age (Later Pliocene). 

(2) Palaeobotanical. The evidence of the plant-fossils as to the 
age of the beds supports that of the mollusca, for although seventeen 
of the thirty-one species have been described as not now existing, 
thirteen of them are referred to existing New Zealand genera, and 
in most cases there is a close relationship to New Zealand species. 
However, the fact that a considerable proportion of the species 
including some of extra New Zealand affinities are extinct, would 
indicate an age not younger than later Pliocene. 

Relationships with the early Tertiary are shown by the following 
lists in which certain plants of the Waipaoa Series are compared 
with species described by Ettingshausen as early Tertiary: — 


Waipaoa Series. 

Lomaria proceroides. 

Gonioptcris pennigera, 

Typha angustifolia, 

RJiopalostylis sapida. 
BeAlschmiedia ovafa. 
Apocynophyllum novae zelandiae, 
Ceratopetalum pacificum. 


Early Tertiary. 

Lomariopsis dunstanensis, 
Aspidmm tertiaro-zelandicum, 
Zamite% sp. 
t^caforthia zelandica. 
Daphnophyllum australe, 

A, Mackinlayi. 

C, Gilesii, 


Comparisons may be made with the Cromer Forest Bed, England, 
usually considered as of late Pliocene age, and in which none of 
the 150 species are extinct, and with the Potosi flora of Bolivia 
described by Berry (Proc, U,S, Nat, Mus,, vol. 54, p. 113, 1919) in 
which 54 of the 66 definitely-determined species are closely related 
to existing species. Berry determined this flora as of later Pliocene 
age. The proportion of extinct forms in the Waipaoa flora is similar 
to that of the Potosi flora and greater than that of the Cromer Forest 
flora. 


Climate: The climate indicated by the flora of the Waipaoa 
Series is warm temperate, possibly slightly warmer than that at 
present found in north New Zealand. The following genera show 
a distinctly warm facies : — Platycerium, Rhopolostylis, Litsaea, 
Beilschmiedia, Knightia, and Carmchaelia, The presence of 
Nothofagus does not necessarily indicate a cold climate as N, fusca 
occurs living in the north of New Zealand. 

Plant Formations: With one or two exceptions the flora of the 
Waipaoa Series represents a rain forest. In fact, with the exception 
of three species, all are such as would be expected in a forest. Three 
species, namely, Typha angustifolia, Pteridium esculentum, and 
Leptospermum pliocenicum, indicate a more open type of vegetation, 
such as a lake-shore which would provide the requisite conditions for 
the preservation of the fossil flora, and perhaps some scrub which 
might grow in its vicinity. 

Relationships: Of the thirty-one species herein described four- 
teen have been referred to R^ent New Zealand species, thirteen 
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have been attributed to Recent New Zealand genera, two to extra- 
New Zealand genera {Plaiy cerium, CeratopeMum) y and two to a 
genus {Apocynophyllum) of which the New Zealand species aiX 3 aP 
extinct. The flora is thus in the main related to the Recent flora 
of New Zealand, the only extraneous element being of Australian 
or Malayan affinity, for Ceratopeialum is an Australian genus, and 
Platycerium a common tropical genus occurring widely in Australia. 
The genera include such distinctive New Zealand i)lants as 
Rhopalostylis, Knightia, Carmichaelia, Melicytus, Nothopanax, 
Pennantia, Hehe and Coprosma* Relationships are shown with 
South America (Coriaria), Australia, Malaya and the Pacific Islands, 
but not to any extent different to those of the Recent flora. This 
late Pliocene flora is thus to be considered as of the same origin as 
the Recent New Zealand flora. 

Literature : The fossil flora of the Waipaoa Series is referred ta 
by Hill (Trans. N.Z, Inst., vol. 20, p. 300, 1888) who states that 
lie found forty-six species of plants in the Poverty Bay pumice-beds,. 
and agjiin by the same author (Trans. N.Z. Inst., vol. 21, p. 320, 
1889) when describing the occurrence of inoa feathers in the same 
beds as the leaves. Morgan, in Henderson and Onglcy^s report 
(N.Z, Geol. Surv. Bull., No. 21, p. 50, 1920) gives a brief account 
of the flora and concludes that it is of Pliocene age. 

Dryopteris novae zelandiae Oliver n. sp. (Fig. 1). 

Impression of portion of pinna. 

Allowing for the tip the pinna is narrow-deltoid, the upper 
segments being narrower and shorter than the lower. The lower 
segments are separated almost to the rhachis, the upper, about three' 
fourths the way. Segments rhomboid, blunt pointed, both margins 
crenulate. The largest segment is 10 mm. long by 4 mm. wide. 

Venation: The mid-rib of each segment enters near the lower 
edge and crosses the segment diagonally ds an undulating line to 
the apex. Prom it are given off on either side 3 or 4 secondary 
nerves which fork once or twice, the veinlets running free to the 
margin, each marginal tooth always having a vein terminating in it. 

Sori : The position of the sori, which apparently were small, is 
on the lateral veins which may be produced beyond them or not. 
Each lateral vein has a sorus on its inner branch. There are 4 or 
f) sori on each side of the mid-rib and about midway between it and 
the margin. 

This fern belongs to the typical section of Dryopteris. The 
Recent New Zealand species are not closely related as all have much 
narrower and distinctly serrated segments. 

Loinaria proceroides Oliver n. sp. (Fig. 24). 

Several incomplete pinnae. 20-23 mm. wide. 

Nerves free, a few fork at or near their origin; terminating in 
the ends of the serrations at the margin of the pinna ; 1 to 1 .2 mm. 
apart. 

Pinna lanceolate, narrowing gradually towards the base, then 
turning in more abruptly. The serrations are not so marked at the 
basal end. 
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Fig. l! — Dryopteris novae zelandiae Oliver n. sp. 

Fig. 2. — Ooniopteris penniyera (Forst.) Spreng. 

Fig. 3. — Platycerinm morgani Oliver n. sp. 

Fig. 4. — Nothofagiis fusca (Hook, f.) Oerst. 

Fig. 5. — Litsaea cahcarts (A. Cunn.) Benth & Hook. f. 

Fig. 6. — Beilschmiedia ovata Oliver n. sp. 

Fig. 7. — Clematis ohovata Oliver n. sp. a, upper surface; b, lower surface, 
Fig. 8. — Apocynopliyllum novae zelandiae Oliver n. sp. 

Fig. 9. — Plagianthus antiquus Oliver n. sp. 

Pig. 10. — Rnhus australis Forst. 
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This species agrees with Lomaria procera (Forsit.) Spreng. in 
everything save the shape of the base of the pinnae. In L. procera 
the base is truncated or even dilated, although in very young pinnae 
it is somewhat narrowed. Pinnae of the same size as the fossil 
specimen are, however, never narrowed towards the base. 

Pteridium esculentum (Porst.) Ckn. (Fig. 25). 

Carbonized impressions of both sides of a portion of a frond. 

Pinnule 17 inm. long, lowest segment 4 mm., breadth of segment 
1 mm. 

The segments are linear, straight or slightly curved, ol)tuse. 
Pinnule with about 8 segments on either side. The impression of the 
under surface shows a central rib and two lateral lines apparently 
corresponding to the indusia. 

The veins are well seen in several places. They arc free, and 
once forked near the base. 

Pinnules sessile, alternate, lanceolate, broadest at the base, the 
lowest segments longest and springing from near the rhachis. There 
does not appear to be a long terminal segment. Upper basal 
segment shorter than the lower. 

The specimens agree with Pteridium esculentum in most of the 
characters. It differs in the rather narrower segments though P. 
esculentum when dried sometimes has segments 1 inm. wide. No 
long terminal segment is shown in the fossil, which, however, may 
be imperfect. 

Goniopteris pennigera (Forst.) J. Smith (Fig. 2). 

Fragments of pinnae consisting of sev<n'al more or less 
imi)erfect j)innules and a portion of the rhachis. 

Segments obtuse or subacute slightly curved towards tip of leaf, 
margin entire. Rhachis as a double line, indicating the upper 
surface of the leaf. Segment 12 mm. long. 

Nerves free, parallel, 8-12 on each side of midrib, sub-opposite 
to alternate. The lowest pair united with those on adjacent segments. 
The veins are close being slightly less than 1 mm. apart. 

In another specimen the segments measured 14 mm long. 

Another specimen shows sori on the veins, mostly midway 
between midrib and margin, though some are nearer the midrib, in 
one instance there is a sorus on the lowest vein. 

This specimen matches almost exactly Recent specimens except 
in the nerv^es being closer together. 

Platycerium morgani Oliver n. sp. (Fig. 3). 

The specimen consists of the impression of a fragment of a frond 
showing distinctly the major and minor veins. 

The sides diverge at an angle of 25^. Along a length of 3 cm. 
the leaf increases from 4 cm. to 5 cm. in width. 

The venation consists of anastomosing veins of two orders. 
The deeper impressions make lacunae 5 to 10 mm. in width and none 
are complete in the length of frond (5 cm.) represented. Over the 
whole of the interspaces is a finer network giving elongate more or 
less hexagonal meshes 1 to 2 mm. wide and 4-6 mm. long. 
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Another and larger impression shows a precisely similar type* 
of venation. The veins are very clear, and in several a short 
vein extends and ends freely in a slight dilatation. 

I place this species with little doubt in the genus Platycerium 
as the type of venation agrees very closely with P. alcicorne. It 
is dedicated to the late Mr. P. 6. Morgan, Director of the New 
Zealand Geological Survey, who kindly placed the present collection 
in my hands for description. 

Typha angustifolia Linne. 

Impression of leaf, both surfaces. 

The impiession is of a linear leaf 12 mm. wide with longitudinal 
striation. The fragment is 7^ cm. long. There is no indication of 
ribs, and it is therefore referred to Typha, The striations are fine 
and of a similar type to those of T. angustifolia. 

Dried leaves of Typha angustifolia show about 12 ribs but if 
the impression was of an unshrunken leaf the ribs would not show. 

Rhopalostylis sapida (Porst.) Wendl. & Drude (Fig. 26). 

Impressions of leaves of this palm are quite common in the 
pumice silts. The best specimen consists of the midrib of a leaf,. 
25 cm. in length, showing 4 pinnae arising on one side. A leaflet 
10 cm. from its origin is 3 cm. in diameter. 

The stem is about 1 cm. in width. It shows no definite markings. 

The pinna converges towards the base where, opposite its inner 
junction with the midrib, it is 2 cm. in width. 

The pinnae show close parallel veins, with a prominent midrib, 
or on the upper surface, depression, and usually one prominent rib* 
on each side of the midrib near the margin. 

The pinnae are placed at the same distance apart as in the* 
Recent species, but they appear to be joined by a wider base. 

Nothofagus fufica (Hook.) Oerst. (Fig. 4). 

Leaf impression, upper surface, basal portion incomplete. 

Length along midrib 29 mm. Distance midrib to right side 12* 
mm, to left side of 9 mm. 

Leaf ovate narrowing in the distal half to a 3-dentate lobe, 
coarsely and irregularly serrate. 

The secondary nerves arc fairly regularly arranged, diverging 
at an even angle on either side of the midrib, running approximately 
parallel, and ending in the apexes of the teeth. There are 4 on the 
right side and 5 on the left. The lower one on the right side has* 
two strong branches on its under side, the upper one is forked near 
the base, the middle one on the left side is forked about half-way to 
the margin. Under the microscope the whole lamina appears finely 
reticulated, the larger nervules crossing between the secondary 
nerves at right angles to them. 

The leaf corresponds in all its characters with that of Nothofagus' 
fusca, though the angle at which the secondaries spring is not quite* 
so acute. 
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Paratrophis cuneata Oliver n. sp. (Fig. 27). 

A hardened piece of silt contains portion of a leaf impression. 

The complete leaf would be elliptical, tapering gradually from 
the centre towards base and apex, but evidently broadest nearer 
the apex. 

The margin is coarsely sinuous, not bounded by a conspicuous 
nerve. 

Length of lower portion 85 mm., breadth 40 mm. Estimated 
length of entire leaf 14 cm. 

The midrib is strong and of considerable width, being 2 mm. 
wide at the base. The secondary nerves are weak and irregularly 
spaced, and branch frequently, the main portion arching forward 
to join the nerve above. The whole surface of the leaf is finely and 
distinctly reticulated into 4 to 6-sided polygons, in many of which 
the nerve endings appear to terminate freely. The secondaries 
spring at an angle of about 70° from the midrib. 

In its sinuated margin and type of venation the leaf agrees 
with Paratrophis. It is much larger than P. opaca, and a 
point of difference is the method in which the secondaries arise from 
th(‘ midrib. In the fossil species the base of each curves away from 
the midrib, in P. opaca it meets it abruptly. The fossil also narrows 
more decidedly from the broader distal end towards the base Its 
closest ally, however, seems undoul)tedly to l)e P. opaca. 

Litsaea calicaris (A. Cunn.) Benth. & Hook. f. (Fig. 5). 

Impression of both sides of leaf. 

Leaf regularly elliptical, tapering rather abruptly at both ends, 
the sides une(iual and the base also slightly unequal, quite entire. 
Apex blunt. The leaf was apparently smooth and thin. 

The midrib and secondary nerves are well marked, all the others 
are easily seen with a hand glass. Of the secondaries about 6 are 
well marked on either side diverging at an angle of al)out 60°, m^arly 
opposite. Tertiary nerves with coarse reticulation, the lacunae 
entirely filled in with minute 3-5 sided cells. The secondary nerves 
arch round and join the ones in advance well in fi’om the margin. 

Length of petrole 9 mm., lamina 60, breadth left of midrib 17, 
right of midrib 15 mm. 

The leaf appears to agi'ee in every particular with that of 
Litsaea calicaris. 

Beilschmiedia ovata Oliver n. sp. (Fig. 6). 

Several impressions of leaves giving details down to the minute 
surface reticulation. 

Lamina, regularly elliptical, obtusely pointed at apex and base. 
Some specimens show the apex truncated and split so as to appear 
refuse. Margin entire. 

Lrmina 74 X 37 mm., 61 X 37 (truncated apex). 

Midrib wide and well impressed, striated. Secondaries: 4 or 
5 prominent ones on either side, arising at an angle of about 40° 
from the midrib and curving slightly towards the apex. They 
approach but do not quite reach the margin, curving round almost 
parallel to it. A few weak tertiaries are present springing from the 
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Fig. 11. — Knightia fossilis Oliver n. sp. 

Fig. 12. — Cortaria arhorea Lindsay, 

Fig. 13 . — Ceratopetalum paciftcum Oliver n. sp. 

Fig. 14 . — Pittosporum ohlongum Oliver n. sp. 

Pig. 16. — Apocynophyllum inaequilaterale Oliver n. sp. 
Pig, 16. — Meltcope elliptica Oliver n, sp. 

Pig. 17 . — Quintinia waipaoaensis Oliver n. sp. 

Pig. 18. — Nothopanax reticulatum Oliver n. sp. 
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distal outer sides of the secondaries. Weaker veins cross fairly 
regularly between the larger veins, and there is a fine reticulation 
over the whole surface. 

In their shape and type of venation these leaves correspond 
very closely with the Eecent Beilschmiedia tarairi. The chief 
differences are: the lower secondaries springing at an acute angle 
instead of nearly a right angle as in B. tarairi) obtuse apex not 
showing the mucro of the young leaf of B, tarairi) less prominent 
and fewer principal nerves. 


JCnightia fossilis Oliver n. sp. (Pig. 11). 

(a) Impression of a leaf, base imperfect. Leaf oblong-elliptical, 
slightly curved, distally tapering rather suddenly to the apex which 
is not quite complete ; margin wavy and irregularly serrate. Length 
115 mm., breadth 30 mm. 

(b) Portion of leaf, both base and apex missing, margin wavy 
and irregularly serrate, the serrations much more pronounced than 
in specimen (a). Breadth 30 mm. 

These two specimens are associated together on account of the 
type of surface and venation which correspond exactly. They only 
differ in the margin. 

The midrib is well marked; all the other veins are weak. The 
secondaries spring at an angle of 45-50° from the midrib and at 
irregular distances. They fork into two main branches rather nearer 
the margin than the midrib. The whole surface is finely and clearly 
reticulated, the nerves terminating freely in the meshes. 

The type of venation corresponds precisely with that of Knight ia 
fxcelsa R. Br., and hence the specimens are referred to Knightia, 
The difference from K, excelsa lies in the character of the margin 
which is irregular in the fossils, but fairly regularly dentate in the 
Recent species. 


Coriaria arborea Lindsay (Fig. 12). 

Impression of large leaf. 

Leaf obovoid, broadest about i from base, sides beyond the 
broadest part rather straight, gradually tapering and then turning 
in towards apex which is produced into a blunt point. Margin 
•entire. Rounded at the base. 

Lamina 105 X 50 mm. 

Seven longitudinal^ ribs present. 

Midrib strong. On either side is a strong rib, confiuent with 
the midrib at the base for about 1 cm., then arching out and again 
-converging at the apex. On either side of these are two longitudinal 
ribs, considerably weaker. The inner ones can be traced nearly to 
the apex, but the marginal ones can only be followed 3 or 4 cm. 
The secondaries arise from the longitudinal nerves, and join up to 
the longitudinal nerve or margin outside them. The leaf is faintly 
reticulated with rather large meshes. 

The leaf agrees entirely with the Recent G. arborea though it is 
very large for that species. There are also present in the collection 
two imperfect impressions of smaller leaves. 
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Clematis obovata Oliver n. sp. (Fig. 7), 

Leaf impression of both surfaces, complete except for portion 
of one side and the petiole. 

Lamina — ^length 50 mm., breadth 38 mm. The midrib not in 
the centre, the distances to the margins being 20 and 18 mm. 

The shape is broadly ovate, truncate at the base, broad for more 
than half the length, then tapering to the apex, which is not quite 
complete, but appears to have been produced into a short point. 

The nerves are few, prominent, and wide. Two strong 
secondaries arise from near the base of the midrib, diverge at an 
angle of about 40°, and extend to nearly three-fourths the distance 
to the apex. At more than half-way up two other strong ribs, 
nearly opposite, diverge at a wider angle and arch round towards 
the margin about three-fourths the way to the apex. Near the apex 
is a third pair of strong nerves nearly opposite. The secondaries 
branch with the strongest branches on the outside, but branches also 
cross from secondary to secondary, and from secondary to midrib at 
an angle of 90 to 100° from the midrib. There arc indications of a 
fine reticulation over the whole surface. The outer branches of the 
secondaries arch round towards the apex. 

This leaf does not resemble closely any plant at present living 
in New Zealand. In its shape it recalls Clematis indivisa Willd., but 
the venation is different. The venation is, however, not unlike tliat 
of C, hexapetala (Forst.). Hence rather than refer it to any genus 
not found in New Zealand, I am describing it as an extinct species 
of Clematis, 

Two impressions of achenes of Clemaiis are in the collection and 
may be described here, although, of course, they are not attached 
to any leaves, and therefore the proof that they belong to the* same 
species as the leaf above described is lacking. 

In one the achene is 6 mm. in length, with a style 40 mm. long. 
The achene is elliptical, more convex on one side than the other, 
and is shortly stalked or at least produced at the base. 

It differs from the achene of C. indivisa in being slightly larger 
and in possessing a short stalk. 

Apocsmophyllum novae zelandiae Oliver n. sp. (Fig. 8). 

Two well preserved impressions of leaves, in both cases with 
the upper portion of the leaf wanting. 

Lamina lanceolate, narrowing gradually to the base, unequal 
sided, in the middle portion the sides nearly parallel. Margin entire. 

Midrib broad and shallow at the base narrowing above. 
Secondaries all fine, numerous, and with many short fine nerves 
arising from the midrib between them. The princi[)al secondaries 
take a slightly sinuous course to near the margin, then turn parallel 
to it to join up with the next distal s^^condary. ITltimate reticulation 
of small meshes faintly marked. 

Width of lamina 23 mm.; estimated length about 90 mm, 

I am unable to refer this species to any Recent genus of New 
Zealand plants. In the type of venation, namely, the numerous 
secondaries, connecting near the margin, it seems to approach the 
Tertiary Apocynophyllum, and hence is provisionally referred to that 
genus. Of the published fibres to which I have had access, it 
resembles most A, Mackinlayi of Vegetable Creek, New South Wales. 
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Pig. 19 . — Pseudopanax crassifolium (A. Cunn) C. Koch. 
Fia. 20 . — Parsonsia obtusa Oliver n. sp. 

Fig. 21 . — Pennantia corymbosa Porst. 

Pig. 22 . — Hebe salicifolia (Porst.) Pennell. 

Fig. 23 . — Coprosma vulcanica Oliver n. sp. 
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Apocynophyllum inaequilaterale Oliver n. sp. (Fig. 15). 

Distal portion of impression of a leaf. 

Lamina broad, narrowing gradually to a broad blunt apex. 
Apex conspicuously unequal sided, the angle of midrib and margin 
being acute on one side, but about a right angle on the other. 

Measurements of the fragment SO mm. long, 42 mm. broad. 
The entire leaf is estimated to be 100 mm. long, and 50 mm. broad. 

All the veins are faintly marked, indicating that they were not 
prominent in the living leaf. The midrib is broad. The secondaries 
are all narrow, and many fine ones are interspersed among the more 
prominent ones. These latter arch round on nearing the margin to 
join up with those in advance. The ultimate reticulation consists 
of small meshes faintly marked. 

The present leaf impression resembles Griselinia in its general 
outline and unequal-sidedness. The type of venation is, however, 
altogether different and more nearly approaches that of Apocyno- 
pJiyllvm. 


Plagianthus antiquus Oliver ii. sp. (Fig. 9). 

Imperfect impression of a leaf. The leaf appears to have been 
broken, for the midrib is bent at about 100° near the base. 

Lamina roughly oblong, coarsely and irregularly serrate, the 
serrations at the base becoming progressively smaller towards the 
petiole. The teeth are rather bluntly pointed. 

Length 60 mm., but apex missing. The leaf is estimated to 
have been about 80 mm. in length. 

Midrib broad and shallowly impressed. Secondary veins weak, 
arising from the stem at an angle of about 60°, irregularly spaced, 
and quite irregular in their branching. Some branch near the mid- 
rib, others distant from it, while they take irregular courses. Each 
terminates in a tooth at the margin, and the principal branches may 
also end in teeth. A fine reticulation covers the whole surface of 
the leaf. 

In the general shape of the leaf, and the type of venation, the 
fossil agrees with Plagianthus reqius (Poit.), but it differs in being 
more oblong, and in the secondary veins being less regular in their 
courses and in arising from the midrib at a much wider angle. 

Leptospermtutt pliocenicum Oliver n. sp. 

Branching specimen containing several capsules. 

The branches are slender, with a few longitudinal ribs. 

No leaves are preserved. 

The capsules are small, a little broader than high with convex 
sides and convex crown. At the outer angle are slightly projecting 
points evidently representing the calyx segments. There is, in most 
cases, a short persistent style. 

The pedicel is slightly longer than the height of the capsule. 
The capsules arise singly at short intervals on the twigs. 

Length of capsule 2 mm., of pedicel 2.5 mm. 

The capsules agree in size, shape and length of pedicels with 
young fruit of the Eecent L. ericoides A. Eich. The ridging of the 
young stems is also similar in the twb forms. The arrangement of 
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the capsules in the stem is, however, different. In L. ericoides they 
occur in groups either on the main branchlets or on short lateral 
branchlets; in the fossil they occur singly. 


Garmidiaelia australis B. Br. (Fig. 28). 

Two large impressions of branches. 

The largest specimen is 25 cm. long, and consists of a branch 
bearing several short branchlets, each ramifying in the way charac- 
teristic of the genus. The impressions are bad, but here and there 
the striations of the branches arc evident. The branches are 3-5 mm. 
in width. 

So far as the details are preserved, that is, in habit, size and 
striation, the specimens resemble the Eecent C. australis, and so may 
provisionally be referred to that species. 

RubuB australis Porst. (Fig. 10). 

Impression of leaf, complete. 

Lamina lanceolate, broadest near the base, thence gradually 
tapering to the apex, inequilateral, and unequal sided at the base, 
the wide side diverging at a narrower angle and higher up than the 
narrow side. Coarsely and fairly regularly serrate. 

Length of lamina 65 mm., width 44 mm., 5 mm. from midrib 
to one margin, and 9 mtA. to the other. 

Midrib well defined. Secondaries wide apart, branch off at an 
angle of about 40° and terminate in the teeth. The whole surface 
finely reticulated. 

Two other smaller specimens agree essentially with the above 
described leaf. , 

In its general characters these leaves agree with the Recent 
Rubus australis. In the secondary nerves leading direct to the 
serrations, however, it approaches R. schmidelioides X Cunn., so that 
perhaps in the Pliocene as now hybridization was going on in the 
New Zealand species of Rubus. 

Pittosporum oblongum Oliver n. sp. (Fig. 14). 

Impression of both surfaces of leaf, that of upper not good, that 
of under surface one side nearly perfect, the other (left) partly 
missing. Apex missing. 

Leaf broadly elliptical rounded off rather abruptly at apex and 
base. Margin entire. 

Length of lamina 57, width from midrib to right side 16 mm. 

Midrib and secondaries prominent, remainder obscure. The 
secondaries arise at an angle of 70° to 75°, arch little or not at 
all for most of their course, and turn rather abruptly near the ends 
towards the apex of the leaf. There are 11 principal secondaries 
on the right side, and between these here and there are shorter ones. 
Secondaries alternate or opposite. Tertiaries weak, but show fairly 
large reticulations. 

The leaf has the characters of a Pittosporum and agrees with 
P. colensoi Hook, i., except that the basal angle is broader and the 
secondary veins spring from the midrib at a wider angle. 
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Oeratopetalum paeiflciim Oliver n. sp. (Fig. 13). 

Impression of the greater portion of one side of a leaf and the 

base. 

Lamina narrowly obovate, base rounded. Margin irregularly 
serrate, generally a larger tooth alternating with a smaller one. 
Length estimated at 4.5 cm., breadth 1.8 cm. 

Midrib broad and well marked. Secondaries numerous but weak, 
breaking up before reaching the margin, and their branches terminat- 
ing in the serrations. The ultimate reticulation shows large meshes. 

I cannot refer this species to any New Zealand genus. It is, 
however, not unlike the Recent and Tertiary Ceratopctalum of 
Australia, and may be provisionally placed in that genus. 


Melicope elliptica Oliver n. sp. (Pig. 16). 

A well-preserved impression of a leaf with the base imperfect. 

Lamina broadly elliptic, unequal-sided, the broadest part of one 
side being just in advance of the centre of the leaf, while that on 
the other side is behind the centre. Apex rather acutely pointed. 
Margin slightly irregular but entire. 

Width of leaf 23 mm. ; estimated length 50 mm. 

Midrib well marked by a dark shallow depression. Margin 
marked by a continuous dark line. Eight to ten secondaries on each 
side arising from the midrib at an angle of about 55°. They usually 
break up by dividing into two a little neaVer the margin than the 
midrib. The ultimate reticulation is faintly marked with small 
meshes. 

Within each mesh there is seen under a strong lens, a dark spot. 
These spots do not seem to be connected with a nerve ending, and 
hence probably represent oil glands. 

The leaf agrees with the Recent Melicope ternata Porst. in the 
type of venation, marginal line and presence of oil glands. It only 
differs in the shape of the lamina, being more acutely pointed than 
in the Recent species which is broadest near the distal end giving 
an abruptly pointed apex, while it narrows gradually to the base. 


Quintinia waipaoaensis Oliver n. sp. (Fig. 17). 

Leaf impression imi^erfect at the tip. 

Lamina oblong, obtuse at apex, tapering rather abruptly at base. 
Margin with large regularly spaced serrations. 

Petiole short. 

Length of lamina 57 mm., breadth 20 mm., petiole 5 mm. 

Midrib well marked as al^ are 10-12 secondary nerves on either 
side. These diverge at an angle of about 65°, are straight for three- 
fourths of their way to the margin, when each breaks up sending a 
branch above and below to serrations. The basal portion of the 
secondary nerve usually points to a position between two of the 
marginal teeth. The leaf surface is faintly reticulated with small 
meshes. 

The leaf is referred to Quintinia because its type of venation 
agrees with the members of that genus. It differs from the Recent 
species in the shape and outline of the lamina. 
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Melicytus ramiflorus Forst. 

Impression of portion of leaf. 

Lamina ellipitical, tapering in the distal half, regularly dentate, 
the serrations having a longer curved lower side and a shorter upper 
side. 

Width from midrib to margin 2 cm. 

The estimated size of the lamina is 10 X 4 cm. 

Midrib strong. Secondaries strong, arising from the midrib at 
various angles 50° to 65° ; each curves distally as a prominent vein 
and, running nearly parallel to the margin, joins up with the vein 
in front. From this marginal festoon, nerves run towards the margin 
curving forwards to the teeth. A fine meshed reticulation is evident 
in places. 

In shape, margin and venation the impression agrees with the 
Recent Melicytus ramiflorus. 

Nothopanax reticulatum Oliver n. sp. (Fig. 18). 

Impressions of two leaves both imperfect as regards apex and 

base. 

Lamina broadly lanceolate, gradually narrowing towards the 
tip, but more abruptly towards the base ; margin entire. 

Width 40 mm., length estimated to be 12-14 cm. 

The midrib is broad and well impressed. The secondaries are 
numerous and arise at fairly regular intervals and at an angle 
averaging 50° from the midrib. Near the base the angle is wider, 
excei)t in the case of the lowest two or three veins on either side. 
On nearing the margin the secondaries arch round and join those 
in front. The ultimate reticulation is wxll marked with fairly large 
polygonal meshes. 

The present leaves resemble those of the Recent Xothopanax 
Edgerleyi, but differ in the following points: the base is more 
abruptly narrowed, the reticulation is finer and does not show the 
regular loops of the Recent species. 

Pseudopanax crassifolium (A. Gunn.) C. Koch. (Fig. 19). 

Impression of upper surface of leaf, imperfect at each end. 

Leaf lanceolate, gradually tapering towards the base. The 
margin coarsely and sharply serrated. The lower teeth 20-22 mm. 
distant, the upper 8-12 mm. Between the larger teeth arc, in most 
cases, one to three much smaller ones; absent in the lowest portion, 
3 in the longer intervals and 1 in the upper portion of the leaf. 
The teeth are sharp pointed. 

Total length of preserved portion of leaf 120 mm., width 23 
mm. The complete leaf would be not less than 150 mm. in length. 

The midrib is well marked, just over 1 mm. in diameter at the 
base and tapering towards the tip. Secondary nerves very faintly 
marked. They spring from the midribs at an angle of 25° 
to 30°. The ends are directed towards the notches but just short 
of them they fork, the lower branch going towards the apex of the 
tooth, the upper continuing parallel with and near the leaf margin. 

The leaf agrees in all its characters with Pseudopanax 
crassifolium. 
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P^rsonsia obtusa Oliver n. sp. {Fig. 20). 

Several leaf impresions, some with the carbonized remains of 
the leaf still attached. 

Lamina broadly or narrowly eliptic, blunt pointed, base broadly 
cuneate. Margin entire. 

Lamina 37 X 21 mm. ; 30 X 14 mm.* 

The midrib and secondary veins are deeply impressed, and 
therefore must have been prominent in the leaf. There are a few 
prominent branches, otherwise the veiidets are weak. There are 
five secondaries on either side of the midrib, branching at an angle 
of 40°45° and curving forward near the margin, but not quite 
reaching it. Tertiaries given off mainly from the outer side of the 
secondaries similarly approach the margin. A fine reticulation covers 
the entire space between the prominent veins. 

The position of these leaves is doubtful. They are referred to 
Parsonsia because of the characters of the secondary and tertiary 
veins, but they differ in shape, npn-mucronate apex, and in the 
presence of a fine surface reticulation. 


Pexmantia corymbosa Porst. (Fig. 21). 

Impression of both surfaces of a leaf. 

Leaf oblong, base rounded, apex truncate, sides nearly parallel, 
with six rounded blunt teeth on the distal half, of which one appears 
to be mucronate. 

Length 26 ram., breadth 18 mm. 

The midrib and secondary ribs are well marked but not deep. 
There are four principal secondary ribs on either side of the midrib 
arising at an angle of 50®, nearly opposite, the upper two on each 
side terminating in the apexes of the teeth. The remaining nerves 
are obscure, but there are indications of a large meshed reticulation. 

The leaf agrees very well with intermediate leaves of Pennantia 
corymbosa, except that the base is more rounded than is usual in 
the Recent form. 


Hebe salicifolia (Porst.) Pennell (Pig. 22). 

Impression of both surfaces of a portion of a leaf. 

Leaf broadly lanceolate, entire. 

The length of the impression is 7 cm. It represents about half 
a leaf. Distance from midrib to margin 13 mm. 

The midrib is well marked, fairly broad and not high. The 
secondary ribs are very faintly marked. One near the base branches 
at a small angle and runs parallel to the margin. Others further 
up branch at wider angles, arching round until they are nearly 
parallel to the margin. 

The leaf impression agrees in all points with the Recent species, 
Hebe salicifolia, and may accordingly be entered as such. 
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Ooprosma vulcanica Oliver n. sp. (Fig. 23). 

Portion of a leaf, about with impression of both upper and 
lower surfaces. 

The part preserved measures 93 X 43 mm. In the broadest 
portion the distance from margin to midrib is 26 mm. The complete 
lamina is estimated to be 130 X 52 mm. 

The margin is entire. Only one side of the apex is preserved. 
It is obtuse and bends in toward the termination of the midrib. If 
this is not due to an injury or loss in preservation it indicates an 
emarginatc apex. 

The general form of the leaf is elliptic, the broadest portion 
being distal to the centre. 

Midrib strong, prominent. Secondaries: 4 or 5 strong ones on 
each side, with smaller ones between. They arise from the midrib 
at a wide angle, curve regularly, though somewhat fastigiately, and 
are united near the margin by a branch of the secondary distal to 
each. The tertiaries are fine and indicate a fairly large meshed 
reticulation. The discoloured margin indicates a marginal vein. 
Domatia are indicated at the bases of most of the secondary veins. 

The leaf agi’ces essentially with the large leaved Recent species 
of Coprosnia. It perhaps comes closest to C. australis (A. Rich.) 
(= C. graivdifolia Hook, f.) especially in the venation. It differs 
in the following points: the angle of the secondaries and midrib 
is wider, the shape is different being less cuneate at base and apex, 
the apex is apparently emarginate. 



304 


Transactions. 


The Epiphyllous Lichens of Kitchener Park* 
Feilding, New Zealand. 

By A. Zahlbeuckneb, K. Keissler and H. H. Allan. 

[Rend hrfoie the Philosophical Institute \ot Canterbury, 8th June, 1V27; 
received by Editor, £(}th April, 1928; issued separately, 

10th August, 1928.^ 

A. ECOLOGK^AL (II. H. Allan.) 

1. Introductory. 

Hochstetter, in his classical sketch of New Zealand vegetation 
(1863, p. 417), was the first to emphasize the tropical or subtropical 
character of New Zealand forests. Made familiar by citation in 
Sehimper^s Pflanzen-Geographie, this view has gained wide currency, 
and subsequent research has only served to confiiTU it. The most 
recent treatment is that of Cockayne (1926, p. 7), who divides the 
New Zealand forests into the two great classes subtropical rain- 
forest and subantaretic rain-forest.’^ In enumerating the special 
characteristics of these rain-forests he concludes with, *^(13) small 
bryophytes and lichens frequently occur as epiphytes on leaves of 
trees.” This last feature has not hitherto received the attention its 
interest and importance merit. The only work so far done appears 
to be the well-known paper of Jennings (1896, p. 753), in which are 
described two species of Phycopeltis — P, nigra and P. expansa — and 
the association of the latter with a fungus to produce the lichen 
Strigula complanata is shown. 

My own observations would lead me to suggest a modification of 
Cockayne’s statement. I find epiphyllous bryophytes and algae occa- 
sional on the leaves of the shrub-layer, but rare on forest-trees. On 
shrubs in very humid forest the epiphyllous bryophytes may become 
frequent. I find epiphyllous lichens to be comparatively rare, but to 
occur on leaves of plants of all layers. These findings agree with 
those of Dr. G. E. Du Rietz, who recently made a lichenological sur- 
vey of New Zealand. 

The small remnant of forest, however, near Feilding, known as 
Kitchener Park and fortunately constituted a “reserve,” has epiphyl- 
lous lichens in abundance (algae and bryophytes are not wanting as 
epiphylls, but are of much less moment), and provides a convenient 
area for their study. Opportunity was therefore taken to secure the 
services of the doyen of lichenology,, Hofrat Dr. A. Zahlbruckner, 
Director of the Department of Botany in the Natural History 
Museum of Vienna. The results of his work are given in section B, 
and provide a sure basis upon which ecological work can be built. 
In section C his colleague, Pt’ofessor Dr. Karl Keissler, describes and 
discusses a new lichen-parasite of considerable interest that was dis- 
covered on certain specimens. 

An attempt is made in this section to give a preliminary account 
of the ecological problems presented by the phenomena observed at 
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Kitchener Park. It will be realized, however, that at the present 
stage of our knowledge, only very general and introductory work can 
be expected. Nothing, e.p., of moment is known concerning the life- 
history of the leaves of any of our evergreen'' trees. This prelim- 
inary account, however, may have its value in drawing attention to 
a group of problems that apart from their intrinsic interest, must 
have an important bearing on general forest ecology. 

2. The Problems Envisaged. 

Ward (1884, p. 115) observed, ‘^The whole group of ‘Epiphyllous 
Lichens' would no doubt well repay prolonged and careful investiga- 
tions." The work so far accomplished on the ecology of epiphyllae 
has brought to light niany of the problems concerned, but has not 
made much advance towards solving them. Ward's own contribution 
is {loc. cit., p. 87), The organism to be described [Strigula com- 
planata] occurs on the upper surface of the leaves of so many plants 
widely separated in affinity and origin, that one must regard the 
species of the supporting plant as an accident. One general feature, 
however, is common to all these leaves : they are invariably hard and 
persistent, differing moreover, in degree in this respect." Schimper 
(1903, p. 328) merely remarks that epiphyllous forms of cryptogams 
are apparently confined to the tropics," and are quite common 
features, particularly on ageing leaves, in very humid rain-forests." 
The ground-breaking i)aper of Pitting (1910, p. 505) still remains 
th(‘ most iin])ortant and suggestive work yet published. It is the 
only paper cited by Warming and Qraebner (1918, p. 288) and Fiiiif- 
stiick (1926, p. 11) in their brief treatments of the subject. Curiously 
it is not cited in the ecological chapter of Smith (1921, p. 356 ct 
s(q-). That author remarks (loc. cit., p. 363) concerning epiphyllous 
lichens, ‘‘These grow on Perns or on the c()riac(*ous leaves of ever- 
greens ill the tropics Observations are lacking as to the asso- 

ciations or societies of these lichens whether they grow singly or in 
companies.'’ 

Pitting (Joe. cit., ]). 506) classes the crustaceous lichens of the 
upper surface of leaves in the Javanese forests studied by him, into 
three grou])s: (1) a small group the members of which penetrate 
more or leiss deeply into the leaf-tissues causing local injury or death 
of the parts; (2) a large gi'oup the members of which cause the cuticle 
to p(‘el off, and establish themselves on the outer walls of the epider- 
mis; (3) a small group the members of which grow on the cuticle 
without injury to it. In this group may be included certain foliaceous 
lichens “in Gegenden mit sehr feuchter Atmosphaere." 

The influence on the leaf-tissues he considers comparatively 
unall, the leaf reacting by way of the thickening of the outer walls 
of the (epidermis or even of the outermost layer of palisade cells, and 
by the development of wound-cork. The damage done must be attri- 
buted to the alga as well as the fungus, and he concludes that the 
first, and to a less extent the second, group must be considered as 
parasitic, not merely epiphytic. He cites Busse's opinion, with 
modified approval, that epi])hyllous lichens are confined to evergreen 
leaves, mainly those that are smooth and leathery. Very hairy leaves 
are free, but drip-tips and other adaptations favouring quick removal 
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of water from the leaf -surface have no effect in checking lichen growth 
on the surface. He thinks it not a general rule, as Busse considers, 
that leaves unprotected from heavy downpours and exposed to sun 
are only lichenized if a damp atmosphere persists during the dry 
period. Busseys statement that shading favours settlement is consid- 
ered to be true only of group 3, the others requiring a certain inten- 
sity of light. 

Fitting concludes by mentioning certain unsolved problems. It 
is very doubtful whether the qualitative and quantitative differences 
in the lichen-flora on leaves of different plants is solely to be attri- 
buted to different degrees of air-humidity, light-intensity, protection 
against the impact of rain-drops, wettability of leaves and so on. On 
what rests the different distribution of lichens on the different leaves 
of a plant? What determines the often very different lichen-floras of 
different species? Why do leaf-lichens avoid certain species? 

Shreve (1914, p. 86) says Jungner considers the ready drainage 
of water from the surface of leaves as of the greatest importance in 
cleansing them of the spores of epiphyllous hepaties, mosses, etc., and 
in preventing the presence on the surface of the leaf of a film of 
water which would be favourable to the growth of epiphyllae. In the 
Kamerun he has found the leaves with dripping points to be free of 
epiphyllae unless injured, and the leaves with blunt apices to be full 
of epiphyllae soon after reaching mature size.’' After dealing (p. 
87) with the epiphyllae of Jamaican rain-forest, Shreve concludes: 
^'A^erever the humidity is high and constant, fog prevalent, and 
condensation of moisture common, those plants which arc sheltered 
from breeze or subjected to drip from higher layers of foliage bear 
epiphyllae regardless of whether or not they possess dripping points. 
Plants of open situations, on the other hand, are devoid of epiphyllae 
regardless of their form.” It is to be noted that the epiphyllae in 
question were mainly Hepaticae of the genus Lejeunea. Shreve (p. 
91) mentions that Stahl also rejects Jungner’s view. 

I am studying the questions raised by these citations, and certain 
preliminary observations are here offered. 

3. Composition and Structure of the Kitchener Park Forest. 

A brief account of the remnants, of which Kitchener Park is 
one, of the great rain-forest that once covered the drainage-area of 
the Manawatu River has already been published (Allan, 1923, p. 402). 
It will be sufiScient here to indicate the main features of the 
Kitchener Park forest, in its present much-modified condition. 

The dominant species are the tall trees Podocarpus spicatus and 
P. dacrydioides. In addition there is in the upper layer much P. 
totara and Beilschmiedia tawa, the latter apparently in process of 
replacing the podocarps. Second-layer trees form a general roof- 
cover through which project the dominants, these latter having been 
to some extent felled, thus allowing of a more rapid development of 
BcihcKmiedia tawa. The chief trees of this layer are Alectryon 
fxcclsum and Beilschmiedia tawa, with some Elaeocarpus dentatus, 
Ole a Cunninghamii, and Plagianthus hetulinus. Along shallow mud- 
floored water-channels, often dry for considerable periods, Cordyline 
australis in very large specimens is a true forest member. 
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There is an irregular third layer, consisting largely of Hoheria 
angustifolia, H. sexstylosa (these two mainly marginal, and there 
hybridizing), Melicytus ramiflorus, Myrtus bullata, Nothopanax 
arhoreum, ParatropMs microphylla, Pennantia corymbosa, Pittas^ 
porum eugenioides, P. tenuifoUum, Psendopanax crassifolium var. 
unifoliolatum, and Sutionia australis. 

The chief members of the shrub-layer are Coprosma arcolaia, 

C, rotundifolia (and their hybrids), Melicope simplex, Melicytus 
micranthus, Myrtus obcordata (and M. bullata X obcordata in 
numerous forms), and Nothopanax anomalum. There are now very 
few tree-ferns, but Cyathea dealbata, Vicksonia fibrosa, and Z). squar- 
rosa were once common. 

The floor-plants of moment are : Asplenium bulbiferum, 
Athyrium umbrosum, Carex dissita, Dryopteris decomposita, D, pen^ 
nigera, Microlaena avenacea, Pellaea rotundifolia, Polystichwn 
Richardi, and Uncinia uncinata. 

The more common epiphytes are: Astelia solandri, Asplemum 
adiantoidcs (under the Astelia tussocks), Bulbophyllum tuber- 
culatum, Cyclophorus serpens, Dendrobium Cunninghamii, Earina 
mucronata, Pittosporum cornifolium, 

Lianes are numerous, including Clematis foetida, C. hexasepala 
(and hybrids), Fuchsia perscamdens, Metrosideros Colensoi, Parsonia 
capsularis, P, hetrophylla (and hybrids), and Rhipogmum scandens. 
On the forest-margins Muehlenbeckia australis, M, complexa, along 
with hybrid forms, are common. 

The forest thus shows a general subtropical aspect, though the 
modifications due to partial milling, entry of stock, and other inter- 
ference by man, have greatly lessened the density and changed the 
relative abundance of many species, esx>ecially in the undergrowth. 
The total florula is made up of 38 pteridophytes, 3 gj^mnosperms, 20 
monocotyledons, and 79 dicotyledons. There arc 16 groups of 
hybrids. The growth-forms comprise 29 trees, many also occurring 
jusi shrubs, 45 shrubs, 5 semi-woody plants, and 61 herbs. There ai'e 
11 epiphytes, 4 hemi-parasites, and 17 lianes. 

4. The Distribution of Epiphyllous Lichens in Kitchener Park. 

Epiphyllous lichens have been observed on the following species : 
Hymenophyllum demissum, H, scabrum, Dicksonia fibrosa, Cyathea 
dealbata, Polystichum vestitum, P, Richardi, Dryopteris decomposita, 

D. ponnigera, Asplenium adiantoidcs, A. lucidum, A, bulbiferum. A, 
fiaccidum, Blechnum procerum, Pellaea rotundifolia, Histiopteris 
incisa, Pteridium esculentum. Polypodium pustulatum, P. diversi- 
folium, Cyclophorus serpens, Podocarpus totara, P, spicatus, P, 
doer y divides, Astelia nervosa var. sylvestris. A, Solandri, Earina 
mucronata, Dendrobium Cunninghamii, Loranthus micranthus, 
Beilschmeidia tawa, Melicope simplex (uncommon), Alectryon 
excelsum, Melicytus micranthus, Metrosideros Colensoi, M, perforata, 
M. hypericifolia, Myrtus bullata, Nothopanax anomalum, Pseudo- 
pancujc crassifolium, var. unifoliolatum, Olea Cunninghamii. A 
number of species, e.g., Rhipogonsum scandens, Myrtus obcordata, and 
various ferns, have been observed with Phycopeltis tropica, but with- 
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out lichens. Thus, of the 140 species found in the forest 38 are found 
to bear lichens. The following species usually bear them in abund- 
ance ; Podocarpus totara, P. spicaius, P. dacrydioides, Earina mucro- 
nata, Beilschmiedia tawa^ Alectryon excelsim, Metrosideros Colensoi, 
Myrtus hullata, and to these especial attention was directed, though 
many of the others were often well covered. Theloschistes flavicans 
occasionally occurs on the leaves of Alectryon excelsum, Podocarpus 
spicaius and other species, but is not a typical epiphyllous lichen, 
and is not here further dealt with. 

The following data concerning the species attacked are of 
interest — 

(1) Hahiiaf: — 14 plants of the forest-floor are attacked, 21 of 
the shrub-layer, 35 of the tree-layer. 

(2) Growth-fomi: — There are 17 ferns (5 small, 6 medium, 6 
large); 2 tree-ferns; 14 shrubs; 2 semi-woody plants; 3 lianos; 7 
trees (which may also be attacked in the shrub-stage). 

(3) Leaf -size : — 22 bear small leaves or leaflets, 11 medium, 5 
moderately large. 

(4) Leof4exture: — 2 are very thin, 13 thin, 18 r*ither thick, 5 
thick. 

(5) XJpptr leaf -surf ace : — 26 arc smooth, of which 5 are more or 
lessi glossy; 12 are very slightly rough. All are glabrous, or practi- 
cally so, when mature. 

(6) Leaf -apex: — None possess distinct ‘'drip-tips.'^ In plants 
not afftM'ted only 1 can be said to possess a true ‘ * drip-tip. ^ ^ 

(7) Frequency of attack: — 5 arc. rather rarely attacked, 14 
occasionally, 9 frequently, 10 commonly. The most common stpecies 
of lichen is Loppdium suhcaerulescens, attacking 31 species. L, 
Allanii may be more abundant than is at present known. Not only 
are many species attacked, but many leaves may be almost completely 
covered by the lichen, especially in Beilschmiedia fawa and Alectryon 
excelsum, Strignla africana api)ears to be confined to B, tawa and 
A, excelsum, but on both may be very plentiful. Bacidia spp. 
appear to be confined to the jmdocarps, and Phylloporina spp. to 
the Myrtaceae, 

The following tentative conclusions seem worthy of record as 
providing working hypotheses and a basis for further record: — 

(1) The habitatal requirements of epiphyllous lichens must be 
considered in two groups — (a) the conditions offered by the leaves 
themselves, including their life-history, physical, anatomical and 
constitutional featuixjs; (6) the outer environmental factors, 
especially intensity of light, wind and humidity. 

(2) The speciesi of supporting plant is not purely accidental, 
though certain lichens have a wider range of hosts than others. 
This may not apply to Fitting's third group. The incidenet^ of the 
species Physcia at Kitchener .Park appears to depend on a moderate 
degree of humidity, moderate shade, and i-elatively persistent leaves 
on the host plant. But species otherwise favourable to lichen develop- 
ment may be five owing to an unfavourable outer environment, e,g., 
Myrtus hullata is free if the insolation is too strong. Certain genera 
with apparently pitable leaves do not appear to develop lichens, e,g,, 
Hoheria, Oriselima, Pitfospornm, Coprxrnna^ Rhipogonum, The 
reason may lie in their constitutional characters. 
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(3) Leaves of relatively short-life may be attacked, but for full 
development of epiphylls a certain persistence is required. Leaves 
of Alectryon excelsum and Beilschmiedia tawa often show light 
attack by Singula africana towards the end of the first growing 
season, this being as true of seedlings as of adult plants. The leaves 
are more and more covered till at leaf-fall, which does not appear 
to be hastened, the surface may be completely covered. The lichen 
'may fructificate on dead, fallen leaves where the ground is dry. A 
considerable degree of humidity favours the early establishment of 
lichens. This is aparently especially important in filmy ferns, lichen- 
attacked leaves being first more or less covered with bryophytes. 

(4) The lichens appear *o infiict little real damage, as seedlings 
survive and older trees appear to be as vigorous as those free from 
attack. 

(5) Great wettability of surface does not appear to be required, 
nor is a ready run-off of water of any moment. 

(6) A certain optimum of light-intensity is required for full 
lichen-development. Leaf-lichens are very rare in the deepest shade, 
and in the fullest sun, with marked development in moderate shade. 
This is seen well in plants of the forest fioor, and in leaves of the 
shrub-layer. As the tree is ascended the lichen development decreases 
to the vanishing point. Juvenile Nothapanax crassifoUum is 
gcnerallj^ strongly attacked, while the adult is rarely so. There is 
in general a distinct belt of major attack. 

(7) Considerable humidity favours attack. Margins of pools in 
the forest-interior show a more or less marked lichen girdle. Shade 
and humidity tend to be associated, but humidity cannot prevail over 
the effect of deep shade. 

(8) Strong wind is apparently prejudicial to lichen attack, but 
its effect is not always easy to disentangle from that of insolation. As 
a result of both factors, marginal plants arc less attacked than those 
more protected. 

(9) The epiphyllous lichens form more or less distinct com- 
munities, this being aided apparently by the different environmental 
requirements of the lichens. Humidity favours Lopadium, and shade 
with less humidity Sfrigula, Leaves subject to much dri]) from above 
will be covered with Lopadium. Bacidia appears on juvenile leaves 
of podocarps in the shrub-layer, associated with Lopadium. L. suh- 
cacrulcscens is the most frequent lichen on Beilschmiedia tawa, and 
may form pure con^munities. Strigula afneana may also form pure 
communities on B* tawa, but where the two lichens occur together 
S. africana is dominated and suppressed. On Alectryon excelsum 
Strigula africana is much the more common lichen, but here too it 
may be suppressed by L. subcaerulescens. 
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B. TAXONOMIC (A. Zahlbruckner). 

Strigulaceae. 

1. Phylloporina (sect. Segesirinula) rufula (Krmphbr.) Miill. Arg., 

Lich.. Epiphyll. Novi, 1890, p. 21, et in Flora, vol. 73, 1890, 
p. 196; A. Zahlbr., Catah Lich., vol. 1, p. 532 . — Verrucaria 
rufula Krmphbr. in Nouv. Giorn. Boi. Jtah, vol. 7, 1875, 
p. 53 . — Porina rufula Wain., ^tud. Lich. Bresil, vol. 2, 1890, 
p, 227. 

On the leaves of Myrtus hullata. 

2. Phylloporina (sect. Sagediasirum) cerina A. Zahblbr. nov. spec. 

Thallus cpiphloeodes, vix visibilis, maculas minorcs formans, 
valde tenuis, substrato quasi suflfusus ct quoad eolorem ab eo vix 
diversus, virens, opacus, continuus, in margino non bene limitatus, 
sorediis ct isidiis nullis; gonidia phycopcltoidea. Apothccia scssilia, 
minuta, 0.2-0.5 mm., lata, dispersa, npproximata vcl confluentia, 
convexa, ad basin non constricta, ceraeea-lutea, nitidula, poro baud 
conspicuo; excipulum dimidiatum, tenue, pallens (lutescens), a thallo 
tcnuiter obductum, poro terminali, rotundo, 18-20 mmm. lato ; nucleus 
decolor, purus, J. lutescens, imprimis asci; paraphyses increbrae, 
capillari-filiformes, simplices, eseptatae, ad apicem non latioros; asci 
oblongo-fusiformes, angusti, subrecti vcl curvuli, ad apicem rotundati 
et membrana parum incrassata eincti, 8 spori; sporae in ascis 
biseriales, decolores, fusiformi-oblongae, utrinque rotundatae, rectae 
vel curvulae, 4 loculares, septis valde tcnuibus, membrana tenui 
cinctae, 16-20 mmm. longae et 4-5 mmm. latae. 

On the leaves of Mctrosideros Colensoi. 

3. Strigula africana Wain, in Catal. Wclwitsch Afric. Plants, vol. 2, 

1890, p. 461. 

Frequent on the leaves of Bcilschmiedia iawa, Alcctryon 
cxcelsum. 


Arthoniaceae. 

4. Arthothelium vermiferum A. Zahlbr. nov spec. 

Thallus epiphyllus, tenuissimus, substrato adhaerens, vulgo 
maculas parvas, ad 4 mm. latas, monocarpicas formans, apothecia 
annulatim cingens, demum rare approximatas, hand confluentes, 
virenti-albidus, opacus, KHO — , Ca ClgOg — , continuus, laevigatus, 
sorediis et isidiis non praeditus, in margine obseurius non cinctus, 
sed bene limitatus; homoeomericus, ex hyphis tenuissimis, intricatis 
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et gonidiis ad Trentepohliam pcrtinentibus Ibrniatus, eellulis 
gonidiorum luteo-viridibus vel subaurantiacis, concatenatis et 
glomeratis, plus minusve oblongatis, 12-24 mmrn. longis. Apotheeia 
exigua, 0.1-0.18 mm. lata, obscure fusca vel nigricantia, oi)aca, 
rotunda vel rotundata, planiuscula, adpressa, emarginata ; excipulum 
distinctum non evolutum; hymenium superne pallide cinnamomeo — 
vel umbrino — fuscescens, caeterum decolor et purum, J. vix lutcseens ; 
hypothecium angustum, decolor; paraphyses mox gclatinosc eon- 
fluentes, non distinctae; asci late ovales vel cllipsoideo-ovales vel 
subpanduriformes, superne latac rotundati et membrana bene ineras- 
sata cincti, 8 spori; sporae in ascis 4-6 seriates, plus minusve con- 
volutae, verniiculari-subcylindricae, utrinque rotundatae, arcuatae et 
demum semicirculares, murales, eellulis subeubicis, leptodermaticis, 
in seriebus superpositis ad 20, in seriebus horizontalibus vulgo 2, 
membrana tenui cinctae, J. parum lutcscentes, 60-80 mmm. longae 
et ad 8 mmm. latae. 

A very distinct species. On the leaves of Meirosidcros Colemoi 
Lecideaceae. 

5. Baddia (sect. Weitenivebera) perpanra A. Zahlbr. nov. spec. 

Thallus epiphyllus, crustacciis, uniformis, tenuis, submem- 
branaceus, demum facile desquamescens, sordide cinerascens, opacus, 
KHO — , Ca CljjOo — , contiimus sublcprosus vel subinaequalis, 
sorediis et isidiis iiullis, in itiargine linea o])scuri()rc non cinctus, fere 
homoeomcricus, gonidiis cystoeoccoideis, globosis, laete viridibus, 9-10 
mmm. latis (gonidiis aliis non ad liclienem pcrtinentibus hie indc 
interinixtis). Apotheeia minima, ad 0.1 mm. lata, 1)iat()rina, fusco- 
nigra, ojiaca, rotunda, ad basin non constricta, e planiuscula modice 
convoxa, dispersa vel approximata; excipulum dimidiatuiii, crassius- 
cuhim, acTuginoso-fuscescens, ex hyphis intricatis forinatum, 
(*um hypothecio aeimginoso-fuscescente (obscuriore) confluoiis ; 
hymenium superne anguste umbrino-fuscum, non pulverulentum, 
caeterum decolor et purum, angustum, 30-35 mmm. altum, J. 
lutescens; paraphyses parum distinctae et increbrae, filiformes, 
simplices, eseptatae, ad apicem clavatae et obscuratae; asci crebri, 
ovali-clavati, superne bene rotundati et membrana modice incrassata 
cincti, 8 spori ; sporae in ascis l)iserialos, decolores, oblongae, rectae, 
utrinque rotundatae, 4 loculares, septis valde tenuibus, membrana 
tenui cinctae, 11-12 mmm. longae et 3-5 mmm latae. 

On the leaves of Podocarpus spicatus, P, daerj/dioides, P. fotara. 

6. Lopadium Allaxiii A. Zahlbr. nov. spec. 

Thallus epiphyllus, sat late expansus, parum visibilis, quasi 
suffusus, maculas rotundatas et plus minusve confluentes fornians, 
lutescenti-virens, opacus, KHO — , Ca CLOo — , contiimus, submem- 
branaceus, in margine linea obscuriore non cinctus, sorediis et isidiis 
dcstitutus, trichomatibus nigris superne non ornatus; fere homoeo 
mericus, ex hyphis intricatis, deeoloribus, ad 2 mmm. crassis, iepto- 
dermaticis et ex gonidiis pleuroeoccoideis, globosis, lutescenti- 
viridibus, 6-8 mmm. latis formatus, hyphae thalli in ambitu thalli 
dissolutae, plus minusve radiantes, increbre ramosac et passim 
subreticulatae, non amyloideae. Apotheeia biatorina, dispersa. 



312 


Transactions. 


rotunda, parva, ad 0.3 mm. lata, sessilia, ad basin levissime con- 
stricta, demum convexula, ceraceo-lutescentia, parum nitidula ; 
discus angustus, thallo concolor, impressus; margo discum paulum 
superans, angustum persistens; excipulum angustum, decolor, 15-18 
niinm. crassum, dimidiatum, ex hyphis subradiantibus et intricatis 
formatuni, non paraplectenchymaticum ; hymenium superne anguste 
ct dilute umbrino-fuseescens, caeterum decolor et purum, J violaceo- 
coeruleum, 75-80 mmm. altum ; paraphyses capillari-filiformes, 
dcnsae, strictulae, simplices, eseptatae, ad apicem non latiores, 
gelatiiiosc conglutinatae ; asci oblongo-clavati, rotundati et membrana 
bene incrassata ciiicti, monospori ; sporae decolores, oblongae, utrinque 
rotundatae, rectae vel subrectae, murales, cellulis numerosis, sub- 
cubicis et leptodermaticis, membrana tcnui cinctae, 60-64 mmm. 
longae et 12-14 mmm. latae. 

On the leaves of Metrosideros Colensoi, Alectryon excelsum. 

7. Lopadium subcoerulescens A. Zahlbr. nov. spec. 

Thallus epiphyllus, maculas minores, usque ad 5 mm. latas, 
rotundato-irregulares et passim eonfluentes formans, substratum 
arete obducens, tenuissimus, albidus vel sorideseenti-albidus, opacus, 
KHO — , Ca CI 2 O 2 — , continuus, laevigatus, granulis non obsitus nee 
triehomatibus praeditus, sorediis et isidiis nullis, in margine linea 
obscuriore non cinctus. Apotheeia parva, 0.1-0.3 mm. lata, fusco- 
ni^a vel nigricantia, opaca, sessilia, rotunda, ad basin painim eon- 
strictula, e convexiuseulo demum convexula; margo tenuis, integer, 
mox depressus, disco concolor, rare in jiiventute pallesecns; reeepta- 
culum extus nipicans; excipulum dimidiatum, molle, crassiusculum, 
subcoerulescenti-fusccscens, ex hyphis intricatis fonriatum, gonidia 
non iiicludens; hymenium superne latiuscule sordido-coeruleseens, 
non inspersum, caeterum decolor et purum, 70-80 mmm. altum, J 
cocruleum; hypothecium umbrino-fuseescens et demum nigricans, 
molle, sat angustum ; paraphyses graciles, filiformes, ramosac 
eseptatae, ad apicem non latiores, laxiuscule conglutinatae; asci 
ellipsoideo-clavati, superne bene rotundati et membrana bene 
incrassata cincti, monospori; sporae decolores, oblongae, utrinque 
rotundatae vel in uno apice subangusto-rotundatae, subrectae, 
murales, cellulis numerosis, subcubicis, leptodermaticis, in seriebus 
superpositis 16-18, in serieWs horizontalibus 2-7, membrana tenui 
cinctae, 50-60 mmm. longae et 12-16 mmm. latae. 

The most frequent of the epiphyllous lichens. On the leaves 
of Beilschmiedia tawa, Myrtm biillata, Alectryon exculsum, 
Asplcnnim bulbifemm, polystichum vestitum, 

PHYSCIACKtVE. 

8. Physcia crispa Nyl. 

On the leaves of Beilschmiedia tawa, Podocarpus spicatus. 

9. Physcia tremens A. Zahlbr. nov. spec. 

Thallus dicholome et sympodialiter laciniatus, radiatim crescens, 
tenuissimus submembranaceus, substrato arete adpressus, albidus, 
KHO — , Ca Cl^,02 — , laciniis linearibus, primum ad 0.2 mm. latis, 
pi an is, plus minusve discurrentibus, in margine subintegris vel 
leviter sinuato-dentatis, ad apicem parum latioribus, rotundatis vel 
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subemarginatis, denmm latioribus, usque ad 1.5 mm, latis, plus 
minusye confluentibus et contiguis, supeme paulum inacqualibus, 
sorediis et isidiis destitutus in margine non eiliatus, subtus pallidus, 
dilute et sordide f uscescens, rhizinis brovissimis ct increbris ; medulla 
alba, KHO — . Apothecia non visa. 

On the leaves of Alectryon excelsum, Podocarpus spicatus, 

C. A NEW LICHEN-PARASITE (Karl Keissler). 

Chlorocyphella lichenicola Keissler nov. spec. 

Becptaculis oblique cupularibus auricularibus, sessilibus, sub- 
membranaceis, obscure, aeruginascentibus demum expallescentibus, 
usque ad 1 mm. longis; hymenio concolore; basidiis?; basidiosporis 
hyalinis, filiformibus, apice incrassatis, dense septatis, primum sub- 
curvis deinde curvatis, saepe rectangular iter inflexis, non spinulosis, 
Ca. 25-50 X 2 mmm. 

Hab. Neu-Seeland, in thallo sterili Lichenis ad folia Myrti 
bullatae, et in thallo Lopadii subcaerulescenfis ad folia Polystichi 
vestiti et Alectryonis excclsi, Rain forest, Peildiiig, leg. H. H. Allan 
(herb. Mus. hist. nat. Viiidob.) 

Diescr merkwiirdige Flcchtenparasit, den ieh ubrigens aueh 
sehon aus China gesehen hal)e, maeht in vieler Beziehung den 
Eindruck eincr Cyphella, hat aber nieht kurze runde, ovale oder 
eiformige Sporen, wie sie bei dieser Gattung vorkommen, sondern 
solche von linealer Gestalt und bedeutender Lange. Naeh diesem 
Merkmal passt dieser typus anschienend in die Gattung Chlorocyphella 
Speg.,* besehrieben in An, Mus, Nac, Buenos Aires T. 19, 1909, p. 279 
(c/r. Saecardo, Syll, fungor,, vol. 21, p. 424). Spegazzini hat dieses 
Genus als einen Vertreter der Hymenoliehenen besehrieben, indem 
er der Meinung war, dass der Thallus aul: dein die Cyphella-tiTti^cn 
Gehause sitzeii, zu diesem dazu gehorc, das ganze also cine Plcehte 
darstelle. Wenn man aber so wie hier bei Chi. lichenicola sieht, dass 
die Pruchtkorper bald auf sterilem Thallus, bald auf dem Thallus 
von Lopadium subcaerulescens aufsitzen, kommt man zur Veberzeu- 
gung, dass die Cyphella-urtigcn Gehause nieht als Pruktifikation zu 
dem Thallus anzusehen sind, sondern dass dieselben auf diesem als 
Parasiten auftreten. Es diirfte also Chlorocyphella Speg. als eine 
Gattung zu behandeln sein, die nieht zu den Hymenolichenes sondern 
zu den Pleehtenparasiten zu zahlen ist. Die einzige voii Spegazzini 
beschricbene Art ist Chi, subtropica, von Formosa angegeben. Die 
von mir aufgestellte Art unterseheidet sieh von jener dureh die 
gr unlichen (nieht weisslichen oder rosagrau gefarbten) Pruchtbecher 
mit schiefer Miindung (iihnlich Cyphella capula), und dureh die oft 
rechtwinklig eingebogenen dicht septierten, am ende kopfomig, 
verdicktm Sporen. 

In der Parbe und Gestalt der Becher erinnert die neu 
aufgestellte Art an C. aeruginascens Karst, (efr, Sace. Syll, fung., 
vol. 9, p. 247) von Wainio an Baumrinde in Minas Gcraes (Sitio) 
gesammelt. Diese wird von Wainio, ** fitudes Lieh. Bresil,^’ in Act, 
Soc, Faun. Flor. Fenn,, vol. 7, 1890, pars 2, p. 27, auch fiir Rio de 
Janeiro angeben und dort ausdriicklich als Pleehtenparasit auf dem 
Thallus von Lecidia perpallida bezeichnet. Karsten gibt ku gelige 

♦E^e^lare dieser Gattung ha^ ich keine in Handen gehabt, aber 
Inzwichsen nacb Buenos Aires darum geschrieben. 
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Sporen (allerdings mit Fragezeichcn) an. An dem Originalexeinplar, 
welches icli zuin Vergleich von Herrn Direktor Elfing in Helsingfors 
crliielt, warcm leider keine solchen zu sehcn, was fast den Gedankcn 
nahe legt, dass Karsten auch keine wahrgcnommcn habe und nur 
\crmutcte, dass sie dem Cyphella Tj^pns entsprachen. Es ware 
nieht nndeiikbar, dass die von mir aufgestcllte Chi. lichenicola nur 
das mit Sporeii vcrsehcne Stadium von Cyphella aeruginasccns 
Karst, darstellt. Zu erwahnen ware noch C. foUicola Wain., ^^Lich. 
Philipp. in Ann. Acad. Scient. Fenn., vol. 15, nr. 6, 1921, p. 83, 
aut* blattbewohnenden Thallus von Bilimbia polillcnsi^, welche nacli 
den langfadigen Sporon gewiss als ChlorocyphcUa {Chi. foUicola 
Kcissl.) anzusprechen ist. Von dieser ist Chi. lichenicola durch die 
griine, nieht blasse Parbe dor Receptaeula, souie durch das Fehlen 
der an der Innenscite der Sporcnkrummung cntwiekelten, in oinor 
Reihe stchenden Dornen verschieden. 

Zum Sehlussc sei noch bemerkt, falls die Receptaeula der Chi. 
lichenicola mit eincr gewissen Rcgelmassigkeit auf -Thallus 

vorkommen solltcn, man dioselben doch als eine Nebenfruktifikation 
der ^Plochten ausselien musste, namentlich dann, wenn es ctwa 
gelingeii sollte, Gonidien in den Receptaeula nachzuwcise]i. 

[It is thought advisable to add the following Abstract of 
Keissler’s remarks on Chlorocyphella lichenicola Kcissl ei* nov. spec. 
This noteworthy lichen-parasite, which occurs also in Ohina, has 
many resemblances to Cyphella, but falls into ChlorocyphcUa Speg. 
owing to its long linear spores. Spegazzini considered his genus to 
belong to the Ilymenoliehens, interpreting the cyphclla-like structures 
as belonging to the thallus on which they occurred. When it is 
noted that the fruit bodies of Keissler’s species occur now on a 
sterile thallus, now on that of Lopadium subcaemlesccm it must be 
concluded that it is parasitic. The only species described by Spegaz- 
zini was Chi. .mb tropica, from Formosa. The present species differs 
ill the greenish (not whitish or rosy-grey) fruit-cups with more 
oblique mouths (similar to those of Cyphella capxda), and in the 
thickly septate spores, often bent at right angles, and with thick^med 
head-shaped ends. 

In the colour and structure of the cups the new species recalls 
C. aeruginasccns Karst., collected by Wainio in Minas Geraes. 
Wainio records this also from Rio de Janiero, and expressly 
designates it as a lichen-parasite on the thallus of Lecidia perpallida. 
Karsten gives the spores as globular (with a query). No spores 
c>ould be found by Keissler on the original specimen, and he thinks 
it probable that Karsten had not seen any, but had only conjectured 
that they were of Cyphella form. 

It may be that Chi, lichenicola is a spore-bearing state of C. 
aernghmscens. C. foUicola Wain., on the leaf-dwelling thallus of 
Bilimbia pollinensis with long lint^ar spores, is certainly a Chloro- 
cyphelUi {Chi. foUicola Keissel.). C. lichenicola differs from this in 
itvS green, not pale, cups and the absence of a row of spinous 
processes on the inner side of the curvature of the spores. 

If the receptaeula of Chi. lichenicola occur with a certain 
regularity ujjon the thallus of Lopadium, they must be considered 
as a companion fructification (Nebenfruchtifikation) of the lichen^ 
especially if gonidia are found therein.. — H.H.A.] 
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Botanical Notes, New Species and Varieties. 

By H. Cabse. 

IRead before the Auckland Institute 4th October, 1027; leceived by Editor, 
2Srd November, 1927; issued separately, 

10th August, 1928.'\ 

1. Pteris saxatilis sp. nov, 

Filix F. macilentae A. Rich, affinis sed in partibus omnibus minor. 
Stipes 8-24 cm. longus, tenuis, canaliculatus, flavus, suffuscus, vel 
purpurcus, glaber, infra squaniosus. Frondes 10-36 cm. longae, 
8-15 cm. latae, ovatae vel lanceolatae, valde mcmbranaceae, 3-4 — 
piniiatae. Rhachis fere filiformis. Pinnae primariae distantes, 
inferiores 8-18 cm. longae, adscendentes; pinna terminalis 25 mm. 
longa, segmenta ultima alte et acute dentata, apex saepe laciniatus, 
sori in segmentorum sinibus positi, brevissimi. 

Syn. P. macilenta A. Rich. var. saxatilis Carse in Trans. N.Z. 
Inst., 51 (1919) 98. 

North Island: North Cape to Franklin County, H. B. Dobbie!, 
H. B. Matthews!, II. ('. : Mahia Pen.: Ilawkcs Bay, 0. 0. K. Sains- 
bury! South Island: Marlborough, J. H. McMahon! 

After some years further study of this plant I am convinced 
that it is very distinct from P. macilenta. 

2. Carex diandra Sehrank. 

This plant has been collected by Mr. K. W. Allison near Rotoi;ua, 
about 50 miles north of Lake Taupo, the most northerly habitat 
from which it has hitherto been recorded. 


3. Hydrocotyle moschata Forst. f. var. parvifolia var. nov. 

Planta dense implexa, in partibus omnibus typo minor. Folia 
2-5 mm. diam. hispida utrinqueit, ut in typo lobata. Flores fructus- 
que cum typo congruenter sed pauciores minoresque. 

Forming dense mats. Leaves zh hispid on both surfaces, lobed 
as in the type form. Flowers and fruit smaller. 

This form is so constant in its matted habit and smaller leaves, 
flowers, and fruit, that I have for some time considered it worthy of 
varietal rank. 

North Island: Mangonui to Waimarino, H. C. 

4. Mazus radicans Cheesem. 

The Manual of the N.Z. Flora (1925) 772 gives as North Island 
localities for this plant Head of the Wairarapa Valley and Tararua 
Mountains. 
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I have specimens from the Rotorua district collected by Mr. 
K. W. Allison, who writes, “ The Mazus is not common here, but 
seems well established, as it grows in at least three swamps here 
several miles apart.” 

5. Coprosma macrocarpa Cheesem. 

As was natural to expect, this plant, hitherto recorded from the 
Three Kings Islands only, has been noted on the mainland. Mr. H. 
B. Matthews discovered it over a year ago a little south of Cape 
Maria van Diemen, and later he and I found it not uncommon in 
a wood in Tom Bowling Bay, near the North Cape. 

6. Olearia paehyphylla Cheesem. 

This handsome plant, previously known only from the Bay of 
Plenty district, was gathered some years ago in the Eaweka Range 
by Mr. B. C. Aston. 
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Fig l.—-Melicytus ramiJioruH, longitudinal section through a young stem 
showing a group of young buds on the side. 

Fig. 2.--MelicyHB ramiftornSf cross section through a stem similar to that 
in Fig. 1. 

Fig. Z.—Melicytus ramiflorus, young bud (in June) surrounded by half-dead 
scale>leaves. 

Fig. 4 . — Melicytus ramiflornSt October. Three little stelar systems are seen 
in cros&«ection. 
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Platk 47. 



Fig. 7. Fig. 8. 

Fig. 5.—Melicytus ramiflorus, longitudinal tangential section through the 
stele of the stunted branch. 

Fig. ^.—Melicytus ramifloruSf longitudinal section through a little branch 
showing its stele in longitudinal section. 

Fig. 7 . — Melicytus ramifloniSf longitudinal section through the stem showing 
the stele of the stunted branch. 

Fig. %r-Melicytu8 ramifloruSf young buds on old wood, separate flbro- 
vascular strands are seen passingliiii to the old stem stele. 
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Cauliflory. 

By Ellen Pigott, M.A., Biological Laboratory, Victoria University 
College, Wellington, N.Z. 

[Read before the Wellington Philosophical Society, 23rd November, 1927; 
received by Editor, 26th April, 1928; issued separately, 

10th August, 1928.\ 

Plates 46 - 47 . 


It has long bben known that certain trees and shrubs bear flowers on 
their woody parts and not, where flowers would be expected, on young 
branches and in the axils of existing foliage leaves. Buds normally 
arise from groups of meristem cells which have been left behind in 
the axils of the leaves. 

Schimper {Plant Geography^ English Translation, 1903, p. 336) 
noted cauliflory (,stem-flowering) and associated it with thin-bark 
characters. He says it is caused by dormant axillary buds becoming 
further developed after several or many years. He points out that 
cauliflory is much commoner in tropical plants than in plants growing 
in cold and temperate regions. Tropical plants usually have thin 
bark whereas temperate and cold-loving plants frequently have 
stringy bark, and among them cauliflory is rare. He suggests that 
trunk-flowers arc well protected from torrential rain and from ex- 
cessive heat. 

Whitford {^^The Vegetation of the Lamao Forest Reserve,^ ^ 1, 2, 
Philippine Journal of Science, 1906, 1, Nos. 4 and 6) also notes cauli- 
flory as being very common, but gives no explanation. Buscalioni 
claims that the caulifloral habit is a primitive one, and that it per- 
sists in plants of hot, moist regions. Others associate it with the con- 
ditions of pollination. Wallace (1891, Fatu'*'al Selection and Tropi- 
cal Nature, p. 244) noted cauliflory in PohfuWica (The Custard Apple 
family) and in the cacao tree, and suggested butterfly-pollination as 
ail explanation of the phenomenon. Howei^r, this is not determined, 
for Theohronia cacao, the chocolate tree, is either self-pollinated or 
pollinated by insects other than butterflies. 

Warming {Ecology of Plants, 1909, p. 343) gives a list of cauli- 
floral species, and examples are found in the families Myrtaceae, 
Sapotaceae, Leguminosac ; in many species of Ficus, of Sxvartzia, and 

many others. . 

Whitford (Philippine Journal of Science, 1906, 1. No. 4, p. 
says, ‘‘The ecological advantages are numerous. In many cases 
heavy fruits are produced which, if not attached to a strong woody 
stem, would be easily broken off. Such is the case in many Mcliaceae, 
where the fruits often become very large, and where grouped on one 
stem very heavy. Ficus minahassae has a fruit stalk which is often 
three metres in length and thickly covered with fruit. No small twig 

could possibly support such a wfeight.’^ , , . , . i i , 

In New Zealand there are many trees and shrubs which regularly 
produce flowers and sometimes slender foliage-stems on woody 
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branches more than a year old. The disposition varies according to 
the specie.s ; for instance, in Melwytus ramifloriis Forst. and Suttonia 
australis A. Rich, the flowers appear on young woody branches just 
below the crown of loaves, and arc very small. In Hymenanthera 
crassifolia Hook. f. they appear anywhere on the old branches and are 
not grouped closely together. Fuchsia excorticata Linn. f. also bears 
flowers on woody branches, both old and young, but there seems no 
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order in tlieir production. They appear in little j^roups scattered 
irregularly over the branches. 

The most noticeable oi* all is Dijsoxylum spcctabile Hook. 1, one 
of the family Meliaceae, which bears all its flowers on the trunk, far 
away from the leaves and younger branches. Here the flowers are 
formed, year after year, from the same spot on an apparently other- 
wise inactive trunk. The flowers are white, somewhat larger than 
lilies of the valley, and the ripe fruits are the size of a small walnut 
and very heavy, borne on a racofnie about six to twelve inches long. 

For work on tliis subject the flve plants above mentioned were 
examined and a marked similarity in bud-production was dis(*overed. 

Taking the ease of ISuitonia ausiralis and Melicyins ramiflorns, 
it is observed that when a l(‘aty branch is formed no flowers are pro- 
duced on that branch during the first season. By the end of i\u) 
season most of the leaves have dropped off, and when growth begins 
in the second season little groups of flowers ai)pear just above the 
scars of the fallen leaves. If this were all that happened there would 
1)0 nothing so very notici‘able. The little groups of flowers could 
\ery easily be accounted for as ha\ing spmng from typical meristem 
which had lain dormant for a season. The fact that calls for attention 
is that in the following season fresh groups of flowers spring from 
tliese same places which have already lx)rne flowers. 

To examine th(‘ material, sections were taken through youim 
stems of Mdicyfus vamiflonis, SiUionia ausiralis, and also of Mcluope 
termia Forst. before the first annual ring had begun to form, that is 
during the first growing season. Just above the scar of a fallen leaf 
a little group of buds is found,. four or five to each group, each litth' 
bud subtended and overarched by litth' scale-leaves, one or more for 
each bud (Figs. 1, 2). In Melicyius ramiflorus and in Mdicope ter- 
naia the whole group forms an excrescence on the stem just at that 
spot ; in Sulionia australis the gi’oup is flush with the surface, and th(‘ 
(*])idcmis of the stem only slightly disturbed. 

Tlu'se groups of flower-buds remain dormant until the following 
s})i’ing, when they develop and open out on the stem below the crown 
of new leaves; except that during tlie first season in Mdicope ternota 
flowers are borne in the leaf-axils as well. 

Sections taken later in the season after flowers have dropped off 
will show^ the original leaf-scar and also the scars made l)y tlu‘ fallen 
flowerstalks. The subtending scale-leaA’^es die, and if tliey we)*e not so 
completely submerged, but were exposed to the wind and weather, 
would most likclj' all fall off. As it is, often only the upper half of a 
scale-leaf falls off and sometimes not even this. At this stage, to a 
casual obsciwer, in the autumn, the stem would appear to have no life 
in it; only the epidermis appears a little broken and uneven. All the 
same, meristem groups are there, mainly seen in the axils of some of 
Ihe scale- leaves which have not fallen oft’. These groups arc very 
small, but when the time comes, very active. If the sections are 
made from material gathered in late summer or veiy early autuim 
meristem cells are also found at the bases of the scale-leaves (Fig. 
13, m)— their growing regions (Fig. 3). However, these cells cease 
1o be mcristcmatic as the season advances. Also, at the bases of 
fallen flower-stalks there are often found cells having all the appear- 
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ance of mcristeiXL-cells; these never have been the growing point of a 
flower-stalk. 

Melicyius ramiftorus and Suitonia australis often do not set any 
seed, but the dead flower-stalks persist as late as July. They can 
oasily be knocked off at a slight touch, and the microscope shows, in 
the axils of the scales, meristem-cells already actively dividing and 
forming next season’s buds. There seems no reason why such a pro- 



Fig. 10 . — Melicytus ramifloruSf longitudinal section through the stem near 
the edge of the stunted branch, showing three steles, each 
belonging to a small branch, 
br. St, = branch stele; 1. = leaf. 


cess should not be repeated year by year, and this is apparently what 
actually does occur. New flower-buds are formed, and in the second 
season Ihey are more in number than in the first, due to the larger 
number of scale-leaves possessing meristem in their axils; although 
possibly not all the buds formed develop as flowers that same reason. 
Each new flower terminates a little branch and has its own scale-leaves 
(Fig. 2, x), each of which may be provided with meristem capable of 
developing the following season. The fact that cut stumps of these 
and other trees are known to send out new shoot points to the fact that 
some of these groups of meristem in the normal life of the plant fail 
to devclof), but may be stimulated in after years by injury. 
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In MeUcytus raniiflorus and Suttonia axostralis flowers usually 
appear on woody branches of two or three years' growth, but not on 
the older branches; in Dysoxyhim spcctabile it is the rule that they 
appear on the trunk and not on the younger branches. In Melicope 
ternata flower-branches appear in the normal position, in the axils of 
the leaves of young branches, and the branches which appear regu- 
larly lower down are foliage-branches, but the explanation of their 
origin and development is the same for all. 

Anatomy. 

First season — Consider the case of Melicytns ramiflorm. Sec- 
tions cut through any stem will show different arrangements of the 
tissues according to the age of the stem. If the sections are cut during 
the first season there will be found a set of buds (Fig. 1) or some- 
times only one (Fig 9), each overarched by scale-leaves of which 
there may be as many as five or six to each bud. If there is one bud 



Pig. ll.^Melicytus ramiflorus, longitudinal section through a stem of two 
or three years' growth showing flbro-vascular strands (f.v.h.) 
from the stunted branch connecting separately w^ith the main 
stele. 
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it form*} certainly the apex of the excrescence. It’ there are more the 
two largest scale-leaves arc connected by vascular tissue with the 
stele of the stem (Fig. 3), and in some cases this vascular tissue is 
very feebly developed indeed, consisting of a row of two or three weak 
vessels and a few other ill-defined thin-walled elongated cells. None 
of the other scale-leaves show any vascular tissue whatever, nor as 
yet do the little buds. This whole group of buds and scale-leaves is 
seated on a cushion of parenchjoiiatous cells, small in size, which has 
evidently been formed from the meristem, so that the group is very 
slightly beyond the level of the epidermis. (In Suttonia australis this 
cushion is absent). 

As growth continues the buds develop; each one forms a little 
branch, terminated in a flower, and bearing more scale-leaves. Each 
branch develops a vascular system containing froan four to seven little 
bundles (Figs. 10 and 4) and the cells of the vascular system are 
often so weakly developed that careful staining is necessary in order 
to see them at all. The bundles strike obliquely across the parenchy- 
matous cushion at its base and bend downwards to the stem-stele (Figs. 
11 and 5). Longitudinal sections at this stage will also shov/ the 
bundles from the two largest scale-leaves striking inwards and doAvn- 
wards towards the stele of the stem. 

There appears to be only one strand from each leaf. The strands 
from the scale-leaves and some of the bundles from the little branch, 
that is, those that are on the sajme side, join one anothei’ or nearly do 
€0 at their bases just where they are inserted on the side. 

Cross-sections of stems of similar age taken about the same time, 
that is in June or at any time before the spring, will show the vas- 
cular system of the little branches striking immediately in to the stem- 
stele. If there is only one little branch the arrangement is simple. If 
there arf^ several branches the little branch nearest the outside, that is 
the lowest, sends part of its stele to the main stele, and part to an 
adjacent little branch and so on all around the excrescence (Figs. 12 
and 6). The little branches nearer the centre of the excresetmee wnd 
their strands to one another. The scale-leaves are so small that it is 
<lifficult to detect their vascular bundles, and it is certain that many 
of them never ]) 0 Svsess any. 

The whole group of little flownu’-branches with their saibtending 
scales is to be regarded as constituting one branch, very much 
stunted, so much so that it rises ver>" little above the epidermis of the 
stem. (In Suttonia australis it does not rise at all, but is flush with 
the surface.) It consists for the most part of small parenchymatous 
cells, which develop from the meristem of the buds (Pigs. 9 and H) 
and of the leaf bases. It is travei*sed near its circumference by vas- 
cular bundles from the little flower-branches, and these bundles follow 
a very irregular and uneven course. Each little flower-stalk has its 
own stele consisting of from four to seven bundles with very little 
medulla (Pig. 4), which unite further in to forai the stele of the stun- 
ted branch; (Pigs. 13 and 7) this therefore contains a large number 
of bundles, twenty or more, which although they lie close together, 
side by side, do not unite. In other words there is no interfascicular 
cambium. This stele forms in cross-section a wide ring with a very 
large pith, and the bundles insert themselves separately on the old 
.stem stele (Pigs. 8 and 11). 
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Second season. The little flowei's drop olT, and the apex of the 
stunted branch has disappeared. However, new growing-points arise 
in the axils of some of the scale-leaves. By the activity of some of 
these groups of meristem the stunted branch increases in size, but 
instead of elongating, it spreads, forming on the surface of the old 
stem an irrogularly-sihaped excrescence. It seems certain that these 
meristem-cells together with the meristem-cells at the bases of the scale- 



leaves help to increase the bulk of the pareiichyiiiatous cushion found 
ill Melicyhis ramiforus. Of course the meristem of the leaf-bases is 
most active while the leaves are young. New flower-branches arise, 
each with its own set of scale-leaves, and each with it own stele. The 
scale-leaves seem to have no vascular tissue and the new branch-stele 
joins up with the stele of the stunted branch. If the stunted branch 
were allowed to increase in size in this way and there were no other 
lactor to "be considered it would form an excrescence gradually in- 
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creasing in size on the side of the stem. In Mehcijtiis ratmflorus this 
almost seems to take place, but in such a tree as Dysoxyltim specta- 
bile rapid growth in thickness and increase in diameter of the trunk 
takes place, and tends to keep the short lateral branch submerged. 

After it has been originated, further growth of such a stunted 
branch may in the first place be accounted for by the weak develop- 
ment of vascular tissue, both of the scale-leaves and of the first little 
bud-rudiment or rudiments, the cells of the xylem and phloem being 



Fig 13 . — Melicytuh ramifloruSf longitudinal section through a stem of several 
years* giowth showing the stele of the stunted branch. 
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too small to carry food-material sufficient for the construction of a 
strong branch. Also, the absence of interfascicular cambium and the 
very doubtful presence of fascicular cambium prevents any growth 
in thickness of the stunted branch or any increase in the number of 
xylem and phloem cells. 

The fully-developed stele of a stunted branch is very unusual in 
shape. It never forms a cylinder such as is found in any elongated 
stem, but it has instead the form of an incomplete disc, following the 
contour of the excrescence. Since there is no interfascicular cambium, 
secondary growth does not take place. The identity of the original 
buildups can be easily recognized; in some places they are closer to- 
gether than in other {)laces; and if, half way down the stunted branch 
they seem almost to be united, they are seen to widen out again lower 
down. 

Cork forms at the bases of the scale-leaves and flower-stalks as 
they die or droj) off, so that there is also a disc-shaped region of cork, 
incomplete, just outside the stele. 

LEAr-GAP. 

The original leaf-gap made in tlie st(‘le is very wide. It is 
(,ccui)ied during the first season by large almost square parenchy- 
matous cells, four or five times as large as the parenchymatous cells 
of the cushion outside it. These cells ar(' thin-walled, with obvious 
nuch'i and much protoi)lasm. During the growth of the stem they 
thicken and harden but do not alter much in shape. Thus it is always 
easy to tell w^here the leaf-gap was originally fonned, for the wood- 
c(»lls adjacent are long narrow cells. The cortex of the main stem 
just outside a leaf-ga]) consists of large cells like all other cortical 
cells of the plant exce])t the very small cells of the parenchymatous 
cushion of the stunted branch. These, as was stated above, have 
arisen from the very small meristcm-cclls at the several growing- 
])oints of the stunted branch, and correspond to the medulla and cor- 
tex of the stem. It is therefore very easy to tell where the cortex 
of th(' main stem ends and the i)arenchyma of the lateral 
stunted branch begins. 

In a stem of three or four years^ giwth the cells filling the gap 
are not quite so square in outline. Their longer axes are at right 
angles to the long axes of the wood-cells, and when they are thickened 
(‘(pially with the wood-cells the whole mass filling the gap can be 
])ulled out, giving at first a false idea that they may be a foundation 
for the whole lateral stunted branch. 

For valuable help and advice in the preparation and arrangement 
of this paper I wish to thank Professor Kirk. ’ 
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On the Occurrence of the Silver Southern -Beech 
(Nothofagus Menziesii) in the Neighbourhood 
of Dunedin. 

By G. Simpson and J. Scott Thomson. 

[Read before the Otago Institute, 9th August, 1927; received by the Editor, 
16th MaVs 1928; issued separately, 

17th August, 1928.^ 

Plates 48 - 51 . 

1. General. 

A QUESTION of considerable moment in plant-geography is the occur- 
rence of species which, though common enough elsewhere, are most 
limited in numbers in some particular locality. 

The forest in the neighbourhood of Dunedin (South Otago 
Botanical District) supplies several interesting problems of this 
class, one of which, to be considered here, deals with that fundamental 
matter concerning New Zealand forests in general — ^the relation 
between subtropical forest composed of broad-leaved dictotylous 
trees and podocarps, and subantarctic forest where one or more 
species of Nothofagus dominate. 

As will be seen further on, there are in the Dunedin area some 
twelve pieces of Nothofagus Menziesii forest, mostly quite small, 
indeed, out of all proportion to the original forest-covering of the 
area, and the question at once arises, Is the silver southern-beech 
(iV. Menziesii) a new arrival, or is it merely a survivor of a former 
hostr* To attempt an answer to this important question is the main 
object of this paper. Secondary to this is the presentation of various 
matters referring to these Dunedin Nothofagus communities, and 
especially the placing on record of their distribution and composition. 

Finally, in the light of our new knowledge concerning Nothofagus 
in the Dunedin area, we are in a position to examine critically L. 
Cockayne’s bold theory (1921: 322-23 and 1926: 39) regarding the 
relation between the two great classes of New Zealand rain-forest — 
the subtropical and the subantarctic. 

The said theory is based on the present latitudinal, altitudinal, 
and ecological distribution of Nothofagus forest in New Zealand, 
and it suggests that at one time the Nothofagus forest was the chief 
tree-community; but that it has boon gradually replaced by the 
subtropical forest of Malayan origin, the Nothofagi having been 
slowly suppressed where the soil is comparatively fertile, and that 
the Nothofagus forests could only remain intact on the poorer ground 
or at higher altitudes where the climate is hostile to a majority of 
the subtropical forest species. 

At the time of the settlement of Otago there can have been at 
no place near Dunedin any considerable area of Nothofagus, The 
whole of the slopes on both sides of the harbour were covered with 
dense subtropical rain-forest*; that on the west stretching from 


♦Hereafter cited as rain-forest, but it must be remembered that rain- 
forest in New Zealand includes both the subtropical and subantarctic forests. 
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the water’s edge to the high ridges of Mount Cargill and Flagstaff 
Hill and extending northwards to beyond the Waikouaiti River. 

With few breaks this forest covered the hills to the west of 
Dunedin and along the slopes north and west of the Taieri Plain. 
The gullies to the east of the plain were also thickly forest-clad, 
and the reserve at Taieri Mouth gives evidence of the once splendid 
rain-forest which at that time clothed the hills along the coast-line. 
In this extensive area Nothofagus Menztesii has previously been 
reported from the following places only, the authority for eacli 
locality being given in parenthesis: — (1) Ravensbourne, Dunedin 
Waterworks and West Taieri t (Dunedin Field Club, 1916: 21); 
(2) near Leith-Waitati Road (Watt, 1924: 674-75); (3) Mount 
Cargill, above Main North Road (Petrie, 1896: 573). 

Exhaustive enquiries among bushmen and others brought to 
light a few more localities, and field-work has augmented the list, 
so that to the above we have betm able to add the following: — 
(4) Pigeon Flat (a few trees only), (5) Fergusson Creek (a stand 
of considerable area in higher forest with remnants also near Leith- 
Waitati Road, and on south side of Double Hill), (6) Bethune 
Cully (a mature stand in the midst of rain-forest), (7) Blagstaff 
Creek (isoLated trees along the creek bed), (8) Boulder Hill (stand 
on the south side of this hill), (9) Traquair Bum, Outram Glen 
(trees along creek bed, evidently a remnant), (10) Taieri Mouth 
(remnant of once large stand which has been cut down and milled), 
(11) Source of south branch of Waikouaiti River, (12) Silver 
Peaks (an extensive area of pure southern-beech forest). 

No doubt other isolated trees or groups of trees are still 
unrecorded, and at many places they havo been cut down. Several 
such spots have been pointed out to us by settlers,* but as all evidence 
of their existence is now destroyed their occurrence at these points 
cannot be accepted for the purposes of this paper. 

The above newly-recorded areas were carefully examined, and 
in several of them the trees were counted, the diameters of their 
trunks measured, the occurrence of seedlings and saplings noted, and 
the age of saplings determined by counting their annual rings. Notes 
were also taken of the composition of the surrounding forest, of the 
xindergrowth immediately under the Nothofagus trees and also that 
of the forest floor-covering, especially with regard to its light-reducing 
properties. 

2. The Areas Known Prior to the Date of Tins Paper. 

It seems best to deal with each reported area in the order they 
have been recorded ; they are as follows : — 

(a) At Ravensbourne and the Dunedin Waterworks (Ross 
Creek) no traces can now be found, and the trees have evidently 
been destroyed. 

tAfter Weet Taieri comes the convenient “etc.,” which not merely 
tells nothing, but is misleading, since it suggests that other areas of 
Nothofagus Menztesii were well known, and that the species was fairly 
common. 

*From experience we find that records of Nothofagus by settlers must 
be received with great caution, since besides species of Nothofagus many 
'Other trees are “birch” — as they call such — to them. 
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(b) That part of the Taieri Plain known as ^^West Taieri’^ had 
a considerable covering of Nothofagus which extended from Woodside 
Glen to Waipori, and included the slopes of Maungatua. Much of this 
area has been cut over in earlier years and fires have taken their 
toll, the i)resent forest being mainly that reserved in the AVoodside 
Domain and in the Dunedin City Corporation’s Beserve at Waipori. 
At Woodside N, Menziesii occurs along the bed of the stream at 
about the level of the plain (some 45m. altitude) and runs up the 
sharper ridges to approximately 200m. At that height it forms a 
belt extending right along the hillsides above the rain-forest and 
giving out, at about 600m. altitude, in the valleys dividing up the 
tussock-clad slopes of Maungatua. Above this belt a thicket of 
Leptospcrmum scoparium runs up to the scrub-line. Along the edges 
of the creeks and throughout the rain-forest below the line of the 
Nothofagus forest the following species occur*: — 

Alsophila Colensoi, Aristotelia scrrata, Asplonium hulhifcnun, 
A, flacoidnm, Astelia nervosa var. sylvestrisy Blechnum discolor, B, 
fluviatilc, B. lanceolatum, B, Patersoni var. eJongatum, B, proccrum, 
Carpodetus serratus, Cassinia Vanmlliersit, Clematis indivisa, 
Coprosma areolata, C. a^issifolia, C, foetidisswxa, C. linarnf alia, C. 
lucida, C, parvijiora, C, propinqua, C. rhamnoides, C. rotundifolia, 
Coriaria arborea, Cyatlua dcalhata, Cqclophorus serpens, Dacrydium 
cupressinum, Dicksonia squarrosa. Fuchsia excorticafa, Griselinia 
littoralis, Hebe salicifolia var. communis, Hcmitdia Smifhii, Uplop- 
Uris hymenophylloidts, L. superba, Lcpiospirniu^n cricoides, L, 
scoparium, Loranthus micranfhus, Mcliciftus rannflorus, Mf Irosidex'oH 
hypcricifolia, Muehlcnbeckia australis, Myrtus obcordata, M. pedun- 
ciilata, Nothoi>anax Colensoi, N. Edgerleyi, Olearia arborescens. Par- 
-sonsia heterophylla, Pennantui corymbosa, Podocarpus firrugineus, 
P. spicatus, P, Hallii, P. totara. Polypodium Billardicri, P. diversi- 
folhim, P, grammitidis, Polysficlium Richardi, P, vestittm, Pitto- 
sporum cugenioides, P, tenuifolium, Ps( udopanax crassifolium var. 
unifoliolatum, Ehipogonu^n scandens, Rubus australis var. glaber, R. 
cissoidcs, Suttonia australis, S. divaricata, Tupeia antarctica, M^xniera 


colorata. 

In this i)articular locality Edivardsia microphylla also occurs 
abundantly. The parasitic Elytra/nthe Colensoi with its beautiful 
rod ])lossoms and large green leaves covering the l)ranches of the 
southern-beech is a glorious sight in December and January. 

Verj^ little undergiwth occurs in the greater part of ihe 
southern-beech forest, but in places opened to the light by falling 
trees or bv the axe, seedling trees and saplings occur in profusion. 
(Pig 1 ) ' In the vicinity of streams the forest-floor is covered by 
various ferns and brypophytes, trees of the undergrowth and shrubs 
spring up in every open space and, in spots that have been cleaied, 
become so dense that progress through them is almost impossible. 
Nothofagus Menziesii as a fully develoiied forest-tree here holds its 
OAvn against all-comers, but its seedlings are quickly suppressed by 
the aggressive subtropical rain-forest trees and shrubs. The soiithern- 
beech seedlings grow vigorously on the drier ridges and slop es, but 


«ThiB list with few exceptions or additions may, to save repetition, 
be taken as typical for the forest vegetation surrounding and in contact 
with most of the Notho:fagus stands listed. 
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cannot compete in the moist and shaded places with the larger-leaved, 
fast-growing shrubs and second-layer trees. 

The grassland and subalpine scrub above the upper margin of 
the forest have been repeatedly burned, and fire has cut into the 
standing trees. The incoming vegetation consists mainly of Aristo- 
tclia serrata, Blechnum discolor, B. proceriim, Carpodetus scrraius, 
Dracophyllunt longifolmm, QriseUnia littoralis, Hebe salicifolia var. 
coinniums, Nothopanax Colensoi, N. simplex, Fittosporum eugenioides, 
P. tenuifolium, and Ruhns australis var. glaher, while Cassinia 
V auvilliersii and Hebe buooifolia are dominant in the scrubland 
together with occasional plants of Aciphylla ScotUThomsonii, and A. 
Colensoi, 

Seedling and sapling southem-beeehos occur usually on rising 
ground where the soil is shallow or where the fern is open. Lepto- 
sperum scoparmm sometimes forms dense thickets which contain 
seedling plants of Carpod^etus serratus, Clematis indivisa, Coprosma 
rhamnoides, Grisdinia littoralis, Nothopanax Colensoi, N. simplex, 
Parsonsia heterophylla, Pseudopanax crassifolium var. unifoliolatum, 
Sutioma australis and occasional plants of Aspleniwm btdbiferum^ 
Astelia nervosa var. sylvestris, Blechnum discolor, B, fluviatile, and 
B, procerum. 

At Waipori the southern-beech forest again follows the stream 
and spreads along the higher ground while much the same conditions 
govern forest-rejuvenation. Seedlings are plentiful on the broken 
debris of the higher slopes, but the trees of the rain-forest close up 
all open spaces on shaded or lower levels. Wlicrever fire has 
destroyed the original plant-covering, a dense scrub of Leptospermum 
scoparium and L. ericoides covers the damaged areas. Corokia Coton- 
easter, Edwardsia microphylla, and Helichrysum glomeratum growing 
on the sunnier side of the gorge, arc indicators of fairly dry and free 
soil. Here, as at Woodside, in midsummer Elytranthe Colensoi 
beautifies the otherwise sombre forest. In places along the sides of 
the road seedling southern-beeches are quite common but never in 
competition with tho usual second-growth vegetation. The leaves 
of the southern-bee(*h in this locality are attacked by a species of 
Eriophyes. 

(c) The Waitati locality. 

A few trees only occur at this spot (approx. IHOra. altitude) 
which are evidently a remnant of a stand long since milled. 

(d) The Mount Cargill stand (altitude 42e5m.). 

L. Cockayne rightly supposes (1926: 30) that these trees had 
probably gone long ago."' The whole of the old trees were milled, 
and only the old stumps remain, but from these and from the stumps 
of some second-growth trees, not long ago destroyed, and from an 
examination of the young trees still left standing, a conclusion as to 
the extent of the stand and the rate of growth of saplings was 
obtained. 

Many of the stumps are very large and the following measure- 
ments, taken June 5th, 1926, show that the original trees were of 
considerable age. 

Original large trees (14 in number) now cut down and burnt, 
leaving burnt stumps only from which the following mean diameters 
were taken: (Mean diameters), 68cm., 73cm., 86cm., 96cm., 96cm., 
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116cm., 116cm., 116cm., 122cm., 122cm., 137cm., 137cm., 167cm., 
167cm. Other stumps still remain but these were too far decayed to 
afford reliable details. 

Mean diameters of trees (second growth) recently cut down (34 
in number) : (Mean diameters) 5cm., 8.3cm., 8.3cni., 8.9cm., 9.5 cm., 
10.2cm., 10.2cni., 10.2cm., 10.2cm., 10.8cm., 10.8cm., 10.8cm., lO.Scni., 
10.8cm., 10.8cm., 11.4cm., 11.4cm., 11.4cm., 11.4cm., 12.1cm., 12.1cm., 
12.1cm., 12.7cm., 14cni., i4.6cm., 14.6cm., 15.2cm., 17.1cm., 17.1cm., 
17.1 cm., 17.8 cm., 19.7 cm., 24.1 cm., 24.1 cm. 

Some sixty southern-beech saplings with mean diameters ranging 
from 2.5cm. to 32cm. still stand in small ^ups or as individuals 
usually with a protecting growth of Fudma excorticata, species of 
Copromna and Ruhus australis var. glaber, but elsewhere the ground 
is cleared foi* grazing and seedling plants are absent. The forest 
surounding this group on the north and west is composed mainly 
of Libocedrus Bidwillii (dominant at this level and forming an 
almost pure association as the ground rises), Podocarpus fermgineus, 
P. II aim, P, totara, Dacrydium cupressinum, and the usual trees 
and shrubs of the undergrowth; Phyllocladus alpinus is present also 
Dracophyllum longifolium which here attains a large size, some 
specimens measured being over 25cm. diam. Every indication points 
to the whole forest being of considerable age, and the Nothofagus 
stand of very limited extent in recent times. 

3. An Account or tiie Nothofagus Areas not Previously 

Recorded. 

(a) Pigeon Flat (245m. altitude). At this spot only a few trees 
remain, and little evidence can be obtained to determine the extent 
of the original stand. The surrounding rain-forest has been cut over 
time and again, and the largest N, Menmesii (106cm. diam.) stands 
at the corner of a paddock with a wire fencing fastened round its 
trunk. The fact of Nothofagus occurring at this point, however, is 
important. 

(b) Fergusson Creek. Close to where the creek crosses the 
Leith-Waitati Road, and on both slopes of the gully, N. Menziesii 
occurred in stands of considerable size and tramways were run in 
many years ago to bring out both the southern-beech and the sur- 
rounding forest-trees. Young trees of N, Menziesii came up in several 
places and have reached maturity, but never as a close association. 
Cattle followed the bushmen, and second-layer trees and ferns crept 
in, filling up the steeper ground. At present, cattle-tracks load 
through this to the flatter land above. Nearer the source of the creek 
at an altitude of approx, 300m. the forest is dense and, though similar 
in composition to the forests already mentioned, is much wetter, 
containing as it does many small streams and hollows which drain 
Swampy Hill. Species of Hymenophyllum grow luxuriantly and 
bryophytes abound. The lichen vegetation is well developed, and the 
whole area is exposed to heavy coastal mists. Almost pure stands 
of Dacrydium cupressinum are common, Leptospermum scoparium 
following where the forest has been cleared. Here a Nothofagus 
Menziesii stand occupies an area of about a hectare in extent, closely 
hemmed in by the rain-forest, and the w'hole area is densely covered 
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with second-layer trees and shrubs of which Coprosma foetidissirna 
is dominant. The humus covering of the ground is deep and overlaid 
with liverworts and mosses ; young plants of Nofhofagus are found in 
a few places, but generally the undergrowth is exceptionally dense; 
tree-ferns and Blechnum discolor cover up all openings in the almost 
unbroken tangle and Leptopteris superba is plentiful. Individual 
Nothofagus trees occur sometimes at considerable distances from one 
another, but around these individuals, and in the intervening spaces, 
their seedlings have not developed. Further north, towards Double 
Hill (altitude about 300m.) a patch of sapling N, Menziesii is 
growing amongst Leptospermum scrub, probably seedlings from trees 
now destroyed. 

(c) Bethune Gully. This area of Nothofagus is of particular 
interest in that it stands as an unbroken colony in the midst of a 
heavy association of rain-forest which commences at an altitude of 
about 100m. and extends unbroken to near the summit of Mount 
Cargill. A Dacrydium cupressinum-Podocarpus fernigineus associa- 
tion runs up to approximately 450m. (the level of the Nothofagus ) ; 
Podocarpus Ilallii comes in as the ground rises and, above the 
Nothofagm (Fig. 2), Libocedrus BidwiJlii is dominant; Dacrydium 
hifonne is present, trees of the undergrowth, mainly species of 
Nothopanax and Coprosma occur throughout and tree-ferns are 
common in the lower forest. Mosses, lichens and filmy ferns clothe 
the fallen timber and lower trunks of the larger forest trees and 
Blechnum discolor is abundant (Fig. 3) everywhere along with 
Nertera dichondraefolia. Leptopteris superha and L. liymcnophyh 
hides are common while Polystichum vestitum occurs in the more 
open spaces. The forest on the upper ridges has been burnt, leaving 
skeleton trees and fallen stumps, and through part of this the usual 
trees of the second-layer have sprung up. The higher ground is 
fenced for cattle and Cassinia Vauvilliersii is the enmmon shrul). 


Table A. 

Number of 

N Memiesii 
Present 

with Mean Diameters 
KanginfT Piom 

Approx Percentage 
of Total Number of 
Nothofagi present 

4 

0.6cm. — 2.5cm. 

2.4% 

6 

Above 2 5cm. — 5 cm. 

3.6% 

14 

„ 5 cm. — 7.5cm. 

8.4% 

17 

„ 7 5cm. — 10 cm. 

10.2% 

17 

„ 10 cm. — 15 cm. 

10.2% 

IZ 

15 cm. — 23 cm. 

7.8% 

14 

„ 23 cm. — 30 cm. 

8.4% 

21 

„ 30 cm. — 46 cm. 

12.6% 

15 

„ 45 cm. — 60 cm. 

9.0% 

15 

„ 60 cm. — 76 cm. 

9.0% 

13 

„ 76 cm. — 91 cm. 

7.8% 

7 

„ 91 cm. — 106 cm. 

4.2% 

5 

„ 106 cm. — 122 cm. 

3.0% 

3 

„ 122 cm. — 137 cm. 

1.8% 

3 

„ 137 cm. — 152 cm. 

1.8% 

1 

„ 167 cm. — 182 cm. 

0.6% 

Total: 168 in the 

1 group. 
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Plate 48 . 



ejuvenation of ^^othofagus Menzxesit Fio. 2. — Xothofagus Mt'nziesu in Bethune Gully, 

on ridge at Woodside where large 6.7 metres in circum. at 0.6 metres 

trees have been felled. from ground and 5.3 metres at 1.8 

metres from ground. Buttresses at 
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Plate 40. 



Fig 3. — Dense growth of B}((hvum discolot in the Nothofagus community 
at Bethune Gully which foiblds de\elopment of seedlings of any 





Fig. 4— General view of the Silver Peaks Nothofagus forest, one so. kilo- 
metre In extent. 
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Plate 50. 



Fid. 5.~ \othofaottii Menzw^ii saplings ^vithin the Silver Peaks forest. 



Fig. 6.—Coinmunity of Phorminm Colensoi and certain shrubs at head of 
Silver Peaks forest. 
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PliATK 61. 



Fig. 7. — Rejuvenation of Silver Peaks forest 
where margin of forest had been 
broken. 


Simpson-Thomson. — Occurrence of Silver Southern-Beech. 333 

Table A seeks to give an accurate survey of all the Nothofagi 
pi^sent* in this isolated colony, together with their diameters. 

The light-intensity in the above colony was l/55th of that outside 
tlic forest. Many of the southcm-beech trees are clad to their tops 
with Cyclophonis serpens^ and everywhere lichens reach high up into 
the upper branches; Asplenium flaccidum is a common epiphyte. 
The lichenst present were a species of Ochrolechia, several species of 
Panyiaria, Parmelia suhphysodes, Parmelia (species not identified), 
Pscudocyphcllaria Colensoi, P» chlorolerica, P. cpisticta, P. sub- 
variabilis, Sphacrophorus mclanocarpus, Sphaerophorus tener, 
Sphaerophorus (sp.), Sficta latifrons, S. sinuosa, and a species of 
Llsnea. Seedling i)lantK a few centimetres in height are common 
growing on moss on fallen tree-trunks, and a few have germinated 
on the forest-floor, but seedlings with a height of 25cm. or more 
are practically non-existent. Saplings with small diameters arc 
unhealthy, often decayed at their tops, and seem unable to continue 
for long the struggle lor existence with the surrounding vegetation. 
A feature of this colony is the unusual lateral spread of some of the 
Y(*ry old trees, which denotes a much more open association than is 
the case to-day. 

In a few places light has been let in by fallen trees, and along 
a fence-line the undergrowth has been opened up, but the close 
ground-covering of Blcchnnm discolor (Fig. 3), and the fast-growing 
species of Nofhopanajc and Coprosnna quickly discount the advantage 
given by the incoming light. The main factors prohibiting gennina- 
tion and rejuvenation of the Nothofagus in this locality seem to be, 
((/) lack of light caused by density of foliage of the ])arent trees 
and second-layer growth, (6) depth of raw undecomiK)sed humus, 
(O in places the close floor-covering of Blcchnum discolor, Ncrtcra 
dichondra( folia, and bryophytes. 

(d) Flagstaff Creek. The few trees occurring here (altitude 
al)out 150m.) may be a remnant of a more extensive group destroyed 
in r(*cent years; but the fact of their being close to a much-used 
road to North Taieri, and that no record has been made of their 
presence, would appear to leave little doubt that the group has 
not been extensive since the district was first settled. Only one 
large tree exists, now much decayed and broken. All stand on the 
edge of the creek, and are the only forest trees present. Flex 
europaeus and Cytisus scoparius hem in the stream, while Grisclmiu 
Uttoralis, Lepiospemnm ericoides, L, scoparium, Melicytus lanceolatus, 
Psendopanax crass^ifolium var. unifoliolatumy and other small trees 
also occur. During the last few years aflforestation has been carried 
out by the Dunedin City Reseiwes Department and is rapidly 
covering up the grassland. The smaller southern-beech trees 
probably originated as seedlings from the large specimen, the seeds 
being carried the short distance from the parent plant by flood- 
waters, or even by wind. 

♦All seedlings 30cm. or more in height are included in the list, but 
the diameters of the smaller plants give no indication of their age, as will 
be shown in Table C. 

tFor the identification of these we are indebted to Dr. G. Etner Du 
Rietz, of Upsala, who accompanied us on a visit to this forest. He also 
kindly identified specimens from Silver Peaks forest. 
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(e) Boulder Hill. This group, about half a hectare in extent, 
and at an altitude of about 210 metres, is confined to the shaded 
side of a ravine on the south side of Boulder Hill. An almost 
continuous belt of Leptospemmm scoparium of great density forms 
the outside margin of the forest and encloses an association of the 
following plants: — Arisioteha serrata, Carpodetus scrratus, Coprosnia 
Imariifolia, F'uchsia cxcorticata, Griselinia littoralis, Lcptospermum 
cricoides, Nothopanax Colensoi, N. simplex, Pseudopanax crassifolium 
var. unifoliolatum, and Suttoma australis. The interior of the stand 
is fairly open, and most of the above-mentioned plants enter into it, 
while BlecJmum discolor and B. proccrum occur sparsely on the 
forest-floor. Polypodium divcrsifolium and Asplcnium flaccidum arc 
present on the tree-tmnks, but species of Hymenophylhnn arc absent, 
the habitat being comparatively dry. Lihocedrus Bidwillii is repre- 
sented by one tree only (20cm. diam.) growing in the midst of the 
southern-beeches. The larger trees of the group form a rough circle 
enclosing those of smaller diameters, and no seedlings or saplings 
occur on the outer margin of the area. Table B gives the num])er 
of Nothofagi* present, together with their respective diameters. 


Table B. 

Number of 

V Mcnoicm 
Prebent. 

With Moan Dlamoters 
Ranging From 

Approx. Percentage 
of Total Num!)(‘r of 
Nuthofag% present 

13 

0.5cm. — 2.5cm. 

I 9.59? 

34 1 

Above 2.6cm. — 5 cm. 

24.89r 

23 * 

„ 5 cm. — 7.6cm. 

16 89? 

9 1 

„ 7.6cm. — 10 cm. 

6.69? 

24 

„ 10 cm. — 15 cm. 

‘ 17.59? 

16 1 

„ 15 cm. — 23 cm. 

, 11.79? 

10 , 

„ 23 cm. — 30 cm. 

1 7.39?' 

6 

„ 30 cm. — 45 cm. 

' 4.49?> 

1 , 

„ 45 cm. — 60 cm. 

1 0.7% 

1 

„ 122 cm. — 137 cm. 

0.79? 


Total: 137 in the group. 


The light-intensity in the above group was l/25th of that outside 
the forest. 

(f) Traquair Burn. This stand of Nothofagus (altitude 60m.) 
follows the creek for a short distance, and is composed entirely of 
small trees. On both sides the banks rise quickly, and in places 
precipitately, to hillsides covered with Lcptospermum scoparium and 
in the larger growth of this the following are abundant : — Aristotelia 
serrata, Clematis indivisa, Coprosma crassifolia, C. linariifolia, C. 
parviflora, C, rotund/ifolia, Coriaria arbor ea, Corokia Cotoneaster, 
Fuchsia excorticata, Griselinia littoralis, Helichrysum glomeratum, 
Melicytus ramifiorus, Pittospomm eugenioides, P. tenuifoUumi, 
Pseudopanax crassifolium var. v/nifoliolatum, Rubus australis var. 
glaber, and R. cissoides. The stream rises quickly up beyond this 
through ground densely clad with small trees, and present as ground- 
plants are Asplcnium bulbiferum, A. flabellifolium, A, flaccidum, 

♦All seedlings 30cm. or more in height are included in the list. 
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Blechnum discolor, Cyclophorus serpens, PeUaea rotundifolia. Poly- 
podium diversifoUum, and Polystichum vestitum. The soil is very 
free and dr^", no tall trees of rain-forest arc present, and as the whole 
area has been repeatedly burnt, particulars of its original covering 
cannot now be obtained. Leycestei^ formosa, Cytisus scoparius,. 
Ulex europaeus, and introduced grasses now occupy much of the 
burnt-over area. 

(g) Taieri Mouth. An examination of the remnant of forest 
now reser\"ed at this seaside resort indicates the type of vegetation 
that spread into all the gullies and over much of the hillsides along 
the coast in the localit 3 \ Dacrydivtm cupressinum is dominant, while 
Podocarpus ferruginous, P, spicatus, and P. totara are abundant, 
and seedlings of all these are plentiful. Leptospennum scoparium 
covers some of the drier ridges and Fuchsia excorticata, Griselinia 
liitoralis, Lepiospermum ericoides, Melicytus ramiflorus, Nothopanax 
Colensoi, N. Edgcrleyi, N, simplex, Pittosporum eugenioides, P, 
tenuifolium, Pseudopanax crassifolium var. unifoliolaium, Suttoma 
australis, and Winter a color at a are the smaller trees present. Some 
parts of the forest near stream-beds are extremely shady and ferns 
grow profusel.v. Generally the association is open and easily 
traversed, but species of Coprosma along with Lepiospermum 
scoparium form tangled masses on the ridges. The road to Waihola 
from Taieri Mouth runs along a ridge, and on this road about one 
kilometre from the Mouth, and at an altitude of about 60m., Noiho- 
fagus trees were, many years ago, felled and drawn down the ridge 
to a saw-mill near the beach. Young trees not suitable for milling 
were left and many seedlings came up. Since that time, the second- 
layer trees and srubs with Ruhus australis var. glaber and Muehlen- 
beckia australis have grown over the cleared area and, as the reserve 
at this point is not well protected, cattle-tracks are plentiful through- 
out. N, Menziesii was found by us at this point, and the forest on 
botli sides of the ridge is an association of Dacrydium cupressinum^ 
Podocarpus fen^ugimeus, and P. spicatus, Nothofagus evidently 
occupying the ridge onlj". At several places further south other 
scattered trees were located. 

(h) Source of the south branch of the Waikouaiti River. This 
locality for Nothofagus was located only, and time as yet has not 
allowed a proper examination to be made of either the forest or of 
the occurrence of seecilings. Without doubt further groups still 
occur in this heavily-wooded area and in the ^dcinity of Mount 
Miserj', one group being located at Horseshoe Bend, Waikouaiti River. 

(i) Silver Peaks. This interesting stand (Fig. 4), over one 
square kilometre in extent, situated at the sourteei of the south 
branch of Christmas Creek, is unbroken. It consists of pure Notho- 
fagus Menziesii forest and is completely isolated from the usual rain- 
forest. The position is exposed to the full blast of southerlj^ winds, 
and is within the area covered by driving mist during cloudy or 
wintry weather. Lichens make an finest complete covering of trunks 
and branches, a species of TJsnea being the most noticeable; indeed 
the general appearance of the forest could best be compared with 
that of Nothofagus growing on shaded hill-slopes in the Fiord 
Botanical District. Amongst other lichens present are species of 
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Pamielia, Pseudocyphellaria Billardieri, Sphaerophoriis melano- 
carpus, and S. tener. Trees of all sizes are present, some of them 
very large, the lower portions of their trunks being draped with 
Polypodium diversifolium. Asplenium flaccidum is a common 
epiphyte. The trees of the undergrowth are principally Coprosma 
pseudocuneata, C. rhamnoides, and Nothopanax simplex. Some large 
trees of Griselinia Uttoralis and Lihocedrus Bidwillii are present. In 
places there is a good deal of rejuvenation within the forest (Fig. 5). 
A peculiar feature of this stand is that the specimens of Lihocedrus 
are widely spaced and drawn up by the height of the Nothofagus 
to beyond their usual stature, and the majority are dying out; no 
seedling plants of Lihocedrus were seen. In the forest heavy lateral 
growth of N. Menzie.m is not very evident, most of the trees running 
up to their full height with but little branching, and the crowns are 
sparse. 

The upper margin of the Nothofagus association ascends to 
approximate!}' 600m., and the scrub-vegetation above is chiefly 
Cassinia VaiivilliersU, Coprosma parviflora, Danthonia flavescens, 
Dracophyllum longifolium, D. uniflorum, Nothopanax Colensoi, 
Olearia arhorescens, and Phormium Colensoi (Fig. 6). 

On tile west Danthonia flavescens meets the edge, and some 
higher exposed ridges run down in tongues, in part dividing the 
forest. On the east the ground is more shaded and moist, Blechmum 
procerum, Cassinia Vauvilliersii, Coriaria lurida, and Nothopanax 
Colensoi being the dominant plants. 

The mountain carries sheep, and buniing is evident, in many 
places extending to the forest; seedlings and sapling trees are 
plentiful wherever the margin is broken (Fig. 7). The forest-floor 
is much broken up by wild pigs, and the fern-covering is usually 
Polystichum vestitum, though Blcchnum discolor occupies occasional 
openings. 

The greatest opponent to the forest growth is the fungus 
Cytfaria Gunnii which grows in grape-like colonies completely 
surrounding the stems of the saplings and on the branches of more 
developed trees causing large galls to form, many of them 30cm. 
or more in diain. In young trees the growth is altogether retarded, 
and eveiywhere throughout this forest branches are seen terminating 
abniptly at the gall, the upper part withering and falling away. 
In other cases the branch survives and is repeatedly attacked, galls 
often appearing at intervals along the l)ranch. 

4. Effect op Light. 

A comparison of the differing rates of growth of Nothofagus 
under differing light-conditions is important. The specimens, 
measurements of which are given in Table C, were taken at random 
from the interior of the Nothofagus communities in the localities 
mentioned, and the annual rings were counted along a smooth 
bevelled section. The light-intensity in each locality was obtained 
by taking an average of six readings with a Wynne's exposure 
meter and comparing that average witli an average of the light 
outside the forest. 
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Table C. 

Bcthune Gully. Light Intensity l/55th. 


Age. 

Height 

Dlam 

1 Arvragp Increase 

1 in Dlam. 

Per Year. 

Years. 

Metres. 

1 Centimetres. 

Centimetres. 

22 

2.43 

1 1-5 

0.0682 

52 

2,59 

' 2.9 

0,0558 

70 

6.09 ! 

1 3.8 

0.0543 

55 

6.09 

4.2 

0.0764 

71 

5.48 1 

1 4.8 

0.0676 

75 

4.87 ; 

' 5.1 

0.0680 

85 

5.18 


0.0753 


6.09 

■ 

7.0 

0.0693 


Average increase in diameters per year = 0.0668 centimetres. 


Boulder Hill. Light Intensity l/25th. 


Age 

Height 

1 I >iain 1 

1 

Average Increase 
In J>iani. 

Per If ear 

Years. 

Metres. 

Centimetres. 

Centimetres. 

26 

2.43 

1.6 

0.0615 

31 

2.59 

2.5 

0.0806 

57 

3.65 


0.0474 

44 

4.87 

3.4 

0.0773 

55 

4.57 

3.8 

0.0691 

50 

5.48 

3.8 

0.0760 

82 

6.09 

64 

0.O780 

89 

6.40 

7.3 

0.0820 

A VC raff e increase 

diameters 

per year = 0.0715 

centimetres. 

Silver Peaks. Light Intensity l/13th. 

Ay ernge Inerenae 

Age 

Height. 


in Dlarn. 

Per Year. 

Years. 

Metres. 

Centimet res. 

Centimetres. 

24 

2.43 

1.8 

0.0750 

26 

4.57 

2.5 

0.0961 

39 

4.87 

3.7 

0.0948 

50 

5.48 

1 3.7 

0.0740 

46 

6.09 

! 3.8 

0.0826 

50 

5.79 

, 4.8 

0.0960 

69 

5.18 

' 6.7 

0.0971 

51 i 

6.70 

1 7.3 

0.1431 

Average increase 

in diameters 

per year = 0.0948 

centimetres. 


The above figures clearly show the effect of the light-intensity 
on the growth of the saplings. The Bethune Oully habitat with a 
light-intensity of l/55th produced sapling showing an average 
increase in diameters of only 0.0668 centimetres per year. The 
Boulder Hill habitat with a light-intensity of l/25th produced 
saplings showing an average increase in diameters of 0.0715 centi- 
metres per year, while the comparatively open forest at Silver Peaks 
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with a light-hitensity of l/13th produced saplings with a more rapid 
rate of growth still (0.0948cm.). 

Table D will serve to illustrate the rate of development under 
more open conditions. The specimens tabulated were taken from the 
remnant left at Mount Cargill (No. 3 habitat), and their mean 
diameters across the first 15 annual rings were taken, also the mean 
diameters of trees when felled. It is evident that during the first 
15 years they were living under more adverse light-conditions than 
those experienced during the latter half of their existence. 

Table D. 

Specimens taken from Mount Cargill (No. 3 habitat). 


Specimen. 

1 Mean Diam. 

1 15 years 

Mean Dlam. 

and age 
when felled. 

Average Increase 

In r»lam 

Per Year. 

No. 1 

1.9 cm. 

17.8 cm. at 30 vrs. 

0.5933 cm. 

No. 2 

2.5 cm. 1 

14.6 cm. at 32 yrs. 

0.4562 cm. 

No. 3 

3.8 cm. 

12.1 cm. at 30 yrs. ' 

0.4033 cm. 

No. 4 

3.8 cm. 

15.2 cm. at 31 yrs. 

0.4903 cm. 

No. 5 

3.8 cm. 

17.1 cm. at 30 yrs. 

0.5700 cm. 

No. 6 

5.0 cm. 

14.0 cm. at 32 yrs. 

I 

0.4375 cm. 

Average increase in diameters per year = 0.491'; 

' centimetres. 


The intensity of the light must also, amongst other factors, 
influence the germination of seedlings. The Bethune Gully and 
Boulder Hill communities were particularly studied in this regard 
as they afforded an excellent opportunity for statistical analysis, both 
being totally surrounded by other forest, practically untouched by 
man or stock, and of a size that could be accurately surveyed. 

A study of the figures concerning these groups — Tables A and 
B — ^will show that in the Bethune Gully group with a light-intensity 
of 1^5th of that outside, seedlings and saplings with diameters 
ranging from 0.5cm. — ^2.5cm. were present only to the extent of 
2i% of the total plants, while in the Boulder Hill stand, with a 
light intensity of l/25th of that outside, the proportion present was 
about 10%. It is also interesting to note that in the Silver Peaks 
forest, where the light intensity is l/13th of that outside, seedlings 
and saplings occur freely. In this connection it must be borne in 
mind that the diameters and heights of many of the saplings are quite 
disproportionate to their age (see Table C). 

5. Differences Between Nothopagus Forest and Subtropical 

Kain-pobest. 

In order to arrive at some logical conclusion on the occurrence 
of Nothofagus in all these widely-separated localities, the differences 
must first of all be noted between these southern-beech groups and the 
subtropical rain-forest which surrounds them. 

The Nothofagus communities are usually composed of tall trees 
vnth sparse crowns, and they are generally open enough to mqirA 
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progress through them a comparatively easy matter. This is in 
marked contrast to conditions prevailing in rain-forest, progress 
through which is often well-nigh impossible nnless the slasher or axe 
is brought into play. 

In southern-beech forest tree-ferns are frequently absent or few 
in number, and species of Coprosma and Nothopanax are as a rule 
the greatest bar to progress. The forest-floor covered with closely- 
matted undecomposed leaves carries comparatively few ferns as com- 
pared with the wealth of the latter in rain-forest; the ground is 
usually drier and filmy ferns and the larger lichens are not a feature. 
Rubus and Muehlenbeckia are absent and, while Asplenium flaccidum 
and Polypodium di^versifolium are common, other vascular epiphytes 
are not strongly developed. Cyclophorus serpens, a plant of dry 
situations, is here the one exception. Mosses and liverworts occur but 
do not make the close green mantle common to associations of rain- 
forest. In almost every case these isolated groups of Nothofagus are 
confined to ridges or convex sloi)es holding but little moisture, and 
the surrounding rain-forest occupies the moister and more level 
situations. 

The most striking difference between the two types of forest, 
however, is the conditions offered for the germination and develop- 
ment of seedlings within the precincts of the forests themselves. If 
these local Nothofagus communities arc not actually hostile to the 
s(*edlings of N, Menzicsii, they certainly do not encourage them wdthin 
their bordei*s. The rain-forest treats its progeny in an altogether 
different manner, better conditions for the germination and future 
welfare of the young plants being afforded. Regeneration in the 
southern-beech forest depends on the death of the older trees; light 
is admitted allowing the young trees to develop. An instance of this 
may be recorded from a sapling growing in the Boulder Hill group. 
It had 18 annual rings in the first 2cm. of its diameter and then 
grew only 12 additional rings to reach 18cm. diam. Evidently a 
fallen tree had let in the light and the plant had rushed ahead. 

Seedlings in abundance are found only in the outer edge of 
pure southern-beech forest, as for instance at Silver Peaks where 
there is no enveloping rain-forest, or in places where fallen trees 
or cleared spaces let in the necessary light. We have found that 
Nothofagus seeds invariably germinate, and seedlings aix? established 
and flourish best under tlu‘ following conditions: (a) Along the edges 
of burnt or cleared forest; (b) where the soil has been disturbed 
by flooding or land-slips ; (c) where the ground-covering of undecayed 
humus has been disturbed by temporar}^ grazing or other means, e.g., 
rooting of wild pigs. This disturbance enables the young plants to 
take root, where in hoaxy humus ground seeds would perhaps 
germinate but would not obtain roothold and develop. 

The vitality of Nothofagus and its capacity for flourishing in 
extremely diverse situations must not be overlooked. Trees growing 
near streams, on stream-banks and in positions exposed to frequent 
flooding, are as well-developed and heaMy as are those on the ridges, 
and are quite able to carry — as at Woodside and Maungatua — ^huge 
masses of Elytranthe Colensoi without seemingly being greatly 
affected. 
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6. Examination of Cockayne Theory in the Light of 
THE Occurrence of Nothofagus in the Dunedin Area. 

As nothing in nature can stand still and all forest is in a 
continual state of change, Nothofagus must either be a new-comer 
throwing out its seedlings into the surrounding or adjacent rain- 
forest and spreading on all sides, or else it is a remnant of primeval 
forest making its last stand against an invader. From our observa- 
tions we arc convinced that there is no middle course, that the two 
t^'pes of forest do not live aiuieablj" together and pursue a common 
destiny. There is no real union, and as Cockajme states (1926; 27) : 

There is properly not one but two distinct plant -formations sid(' 
by side.’’ A study of all these isolated Nothofagus groups in the 
Dunedin area convin(*es us of the truth of Cockayne’s statement, and 
creates a lasting impression that these groups arc slowly but surely 
being choked out by the pressure of the antagonistic rain-forest. 
That species once common can be wiped out, is shown by the fate 
of Podocarpus spicafm in Stewart Isltnd where Weinmannia racemosa 
has almost replaced it (Coeka^^me, L., 1921: 124). It is natural to 
exiKH*t an invader of an island to take possession first of the shores, 
then to encompass the lower country and finally to pusli up into the 
high lands as far as conditions will allow. One would not expect 
and certainly we can suppl}' no evidence of an invasion of Nothofagus 
from the higher country dowm into the lower. 

These local groui)s, stands, or colonies of N. Menzicsii are usually 
surrounded by rain-forest but never surround such forest, nor does 
the Nothofagus ever appear on the margin of the rain-forest, push- 
ing its way in as would be the normal courst‘ of attack. In the 
Dunedin aixia Nothofagus si'edliiigs or saplings do not occur outside 
of their own colonies, and do not develop without the incoming of 
light, and this the encroaching undergrowth of the rain- forest 
absolutely prohi])its. 

In certain stages of the conflict it is possibl(‘ for isolated Xotho^ 
fagus trees to be left, dotted here and there, in tlie midst of the 
subtropical forest, thus giving the impression that a mixed Notho- 
/d^w.'s-subtropical forest -association is being viewed, but though 
individual N, Mcnzicsii trees do occur in this manner, this stage is 
very little in evidence in the Dunedin area. These isolated trees will 
of course persist for hundreds of years in such situations, but even 
if their seeds germinate, the seedlings are siipi)resscd and expansion 
becomes impossible. When we consider the unthinkable amount of 
time that the fight has been going on, the comparative slowness of 
decisive results, and the wide areas — North Auckland to Foveaux 
Strait — over which the struggle is being waged, it is little w^onder 
that here and there places occur in which the result of the battle 
may not appear to be in favour of the legions of the subtropical rain- 

forCvSt. 

Moreover, taking into consideration • the vast areas already 
occupied by Nothofagus in New Zealand, if it be a new-comer it 
certainly should be a very aggressive one. That this is not so may 
easily be seen by studying any of the local groups cited in this pa])er. 
For instance, at Bethune Gully, southern-beech trees of great age 
are present in numbers, trees moreover which to all appearances arc 
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older than the oldest trees of the surrounding rain-forest, and 
although these have had time for their progeny to settle down over 
large tracts of country, the change is retrogressive, not progressive ! 
The extreme age of these old trees makes the observer wonder why 
they have not, so to speak, populated the earth, especially when the 
capacity of the seedlings for rapid and forward growth is taken into 
account, a rate of growth much in excess of that of any of the 
species of New Zealand rain-forest. 

That if man does not interfere the larger-leaved forest trees will 
ultimately push back and replace the Nothofagus is, however, certain. 
The dense entangled undergrowth of second-layer trees, the sliading 
canopy of shrubs and tree-ferns, and the close floor-covering of 
Blechnum and Polystichum, will in the end inevitably conquer in the 
struggle of the subantarctic primeval vegetation against the sub- 
tropical invader! 

SUMMARY AND CONCLUSIONS. 

1. The paper deals with the relation, in the country adjacent to 
Dunedin (South Otago Botanical District), of the subtropical forest 
to the subantarctic forest — the former a forest dominated by broad- 
leaved dicotylous trees and podocari)s, and the latter (taking the 
formation for all New Zealand) by one or more species of Nothofagus. 

2. Most of the forest near Dunedin is subtropical, but there art‘ 
also at least twelve pieces of Nothofagus Mfnziesii forest, mostly 
quite small, and the question to be answ^ered at once arises, ‘‘ Is 

N. Memiesii a new arrival or merely a suiwivor of a former liostT* 

3. This question leads up to a verification or negation of L. 
Cockayne’s theory’- that Nothofagus forest was originally the chief 
tree-community of New Zealand, but that it has been gradually 
replaced on the more fertile ground by a subtropical forest of 
Malayan origin, so that now it is restricted to the poorer ground and 
to the higher altitudes. 

4. Prior to this study, only 5 pieces of Nothofagus forest had 
been recorded near Dunedin (of these, 8 remain), but the authors 
record 9 more, one of which is no less than a square kilometre in 
area. 

5. Bach of the Nothofagus communities is described in detail, 
and lists of the species are given. 

6. One area — Bethune Gully — is an unbroken colony of N. 
Memiesii standing in the midst of a heavy association of subtropical 
forest, all its Nofhofagi (168) were measured and a table is pre- 
sented placing them into 16 classes according to their average 
diameters, and the percentage of trees for each class is given. 

7. A similar table is presented for ISl ^Nothofagi in another of 
the areas. 

8. Three other tables are presented which show the relative rates 
of growth of 8 trees in 3 areas, the light-intensity of each area as 
coHipared with that of the open being respectively 1/55, 1/25, and 
1/13, the average annual increase in diameter for the young trees 
in each area being respectively 0.0668cm,, 0.0715cni., and 0.0948cm. 

9. 4 fourth table shows the rate of growth of 6 trees under still 
stronger light, the average annual increase in diameter being 

O. 4917cm. 
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10. A main difference in structure between subtropical forest 
and Nothofagus forest is the extreme density of the former and the 
openness of the later. 

11. The interior of the Nothofagus communities is not favourable 
for the establishment of seedling Nothofagi, the most favourable 
positions being (a) along the edges of burnt or cleared forest, 
(b) where the surface-soil has been disturbed by grazing or rooting 
animals, and (c) where the soil has been disturbed by flooding or 
land slips. 

12. The conclusions regarding the matters outlined in 2 and 3 
are as folows: — 

(«) Either Nothofagus is a new-comer or the forest it dominates 
is a remnant of an earlier primeval forest. 

(b) The study of the isolated Nothofagus groups in the Dunedin 
area supports Cockayne’s theory, for such groups are slowly but 
surely being suppressed by the antagonistic subtropical forest. 

(f) There is no evidence of an invasion of Nothofagus from the 
higher levels to the lower. 

(d) The local groups of Nothofagus forest arc usually sur- 
rounded by subtropical forest and they never surround the latter, 
nor does Nothofagus ever appear on the margin of subtropical forest, 
pushing its way into that community. 

(e) Nothofagus seedlings or saplings do not occur outside of 
their own class of forest nor can seedlings become established beneath 
the dense undergrowth of subtropical forest. 

(/) "Were Nothofagus a new-comer it should be very aggresive 
whereas, in the Dunedin area, quite the contrary is the case. 
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The Structure end Development of Astelia nervosa 

var syivesiris. 

By Elha M. McCarthy, M.Sc. 

(Comnmnicated by Dr. J. E. Holloway.) 

{Read before the Otago Institute 8th May, X928; received by Edhtor, 
J2th May, 1928; issued separately, 

30th August, 1928,’] 

52 . 

The following account of certain aspects of the structure and develop- 
ment of Astelia nervosa var. sylvcstris is taken from a thesis written 
at the Botany Laboratory, University of Otago, under the directioii 
of Mrs. M. Aitken, M.Sc. It owes its present form to the help 
and encoiiragiMuent extended by Dr. J. E. Holloway. 

Astelia nervosa var. syivesiris is a stout percainial herb growing 
abundantly under mesophytic conditions on low hillsides in both 
islands. The leaves are arranged in dense tufts, a number of which 
combine to form the large head which comprises the plant. The 
growth-form of the Asteliads is \ery similar but Astelia nervosa 
can be distinguished from other species by its orange berry, the 
perianth of which is enlarged and coloured. The leaf is long and 
jiarrow, varying in hmgth from 3 — 5 ft. and in breadth from 2 — 3 
inches. It is many neiwed but three ner\T\s are very conspicuous, 
and are coloured red with anthoeyanin, which is dissolved in the 
cell-sap of the superficial cells. The leaf as a whole is flexible, but 
tho base is white and .succulent and clothed by a tomentum of long 
silky hail’s. 

Astelia lurvosa var. sylvcstris is very similar to Astelia Cockaynci 
{Astelia nervosa Aar. montana). The latter is found mostly in sub- 
alpine situations as a small sturdy plant covered with hairs. The 
stimcture of the leaf of Astelia Cockaynci as found in the Peridotite 
Belt, Nelson, is descrilKHl in “ Notes on the AutecologA’ of Certain 
Plants of the Peridotite Belt, Nelson” {Trans, N.Z, Inst., vol. 52, 
pj). 305-308) by Miss IM. Winifred Betts, M.Sc. It is practically 
the same as that of Astelia nervosa var. sylvcstris. 

It also has some resemblance to Astelia Solandri, as described 
by Miss J. 11. Wilson, M.Sc. in Some Plants from the Lava-Field 
at Mt. AVellingfon’’ {Trans. N.Z. Inst., vol. 58, pp. 259-263). This 
resemblance lies chioflv in the anatomy and function of the leaf bases 
(Wilson, p. 262). 

The only other paper dealing with the anatomy of the Asteliads 
is one by Miss E. M. Herriott, M.A. {Trans. N.Z. Inst., vol. 38, pp, 
377-422), On the Leaf Anatomy of Astelia linearis var. suhlataA* 
This leaf has no close resemblance anatomically to that of Astelia 
nervosa var. sylvcstris. 

Microscopic Structure op Mature Leap. (Pigs. 1-6). 

Over the midrib the upper epidermis is composed of small cells, 
beneath which is an aqueous tissue consisting of 4-6 layers of colour- 
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less palisade-shaped cells very regularly arranged. The chloren- 
chyma is below this, and is represented by about 10 layers of spongy 
parenchymatous cells. The lower epidermis consists of 2 rows of 
small colourless cells. The fibro-vascular bundle forming the midrib, 



Fig 1 — Diagramatic section of part of a leaf X 4 



Fig. 2.— Transverse section of midrib X 140. 
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extend to the web of the girder underneath the upper flange. 
Towards the midrib the chlorenchyma increases greatly in thickness 
the upper limits being almost parallel to the surface of the leaf 



Fkj, 5. — Multicellular hair from base of leaf X 125. 

which here projects as a ridge. Towai\is the margin of the leaf the 
epidermal cells become larger and the aqueous cells smaller. The 
aqueous tissue is here only one layered, the clilorenchyma occupying 
most of the leaf. Between each bundle is a large colourless cell 
several times larger than an ordinar^^ cell of the chlorench>Tna. 
The fibro- vascular bundles are similar to all the other minor bundles 
of the leaf, that is, they have mechanical tissue in the form of two 
crescent-shaped areas, one above, one below the vascular bundle. A 
slight variation occurs in the end-bundle where the upper flange 
is practically undeveloped. 

At the base the leaf is soft and white and covered with a 
tomentum of silky hairs. These occur on both surfaces of the leaf, 
but are more numerous on the inner or upper surface. The hairs 
arise below the level of the epidemis and consist, below the epidermis, 
of a short stalk 2 or 3 cells deep and 2 wide. Beyond the level of 
the epidermis the hair branches out in several directions, but as a 
whole continues at right angles to the surface, branches being given 
off to the right and left. The branches, which are unicellular, remain 
close to the parent axis. On some hairs a number of branches are 
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given off together forming a whorL The mesophyll is composed of 
round loosely-arranged cells which near the upper epidermis form 
a sponge-like tissue with large intercellular spaces. The three main 
veins are not conspicuous, but above each large vein is a triangular 
mass of collenchyma. Below the veins are crescent-shaped gum- 
passages. The gum is apparently secreted l)y special mucilage 
vesicles which project into the gum-passages. These passages, unlike 
those of A. Solandri (Wilson p. 262), are found only in the leaf-base. 



Fjt.. 6.— Transverse section of base of leaf X 40. 


Microscopic Structure of Leaf of SEEDUNii. (Fig. 7.) 

The leaf of a 4-inch-high seedling is slightly thicker in the 
proximity of the main vascular bundles. On the upper surface there 
ai^ 2 layers of colourless polygonal cells, the lower representing the 
aqueous tissue. The chlorenchyma which consists of from 3-6 layers 
of cells is in the form of spoug>" parenchyma. The lower epidermis 
consists of a single layer of cells except near the midrib where thei*e 
are two layers. At this stage the leaf has 7 veins. Those are the 
three main veins with a small group of sclercnchymatous cells above 
and below the vascular strand, two fairly largo veins with no 
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mechanical tissue, and two small veins between the main laterals and 
the midrib. At the base of the leaf there are no ,^m-passages. 
These appear together with the hairs when the plant is about 2 ft. 
high. 



Pig. 7. — Transverse section of young leaf X *^0. 


Microscopic Structure op Peduncle of Inflorescence (Pig. 8). 

The triangular peduncle has a ^ound-tissue of round cells rich 
in starch. The outer layers contain a few chloroplasts and are 
surrounded by a dermis of tabular-shaped cells. About 1/50 - 1/75 



Fig. 8.~-Dlagramatic section of peduncle of flowering shoot X 12* 
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of an inch from the dermis and parallel to it lies a row of vascular 
strands. Along this row large vascular bundles occur at fairly 
regular interv^s, the space between each being occupied by 2 or 3 
smaller ones. Inside this row vascular bundles are scattered through 
the ground-tissue. The mechanical tissue, especially in plants grown 
in the shade, is not well developed. 


Flowering (Figs. 9 and 10). 

Cheeseman (p. 317) states that Astelia nervosa is a dioecious 
plant. All the specimens examined by the writer, however, seemed 
to be hermaphrodite. This was confirmed by microscopic examina- 
tion. All the anthers contained pollen-grains and in most cases 
the ovaries contained ovules. In some cases however the ovules 
were not well developed and were possibly functionless. An examina- 
tion of the plants in the fruiting season shows a luxuriant develop- 
ment of fruit on some plants, while others have none at all. This 
would certainly seem to indicate the dioecious habit. Astelia nervosa 
var. sylvestris, however, does not flower and fruit every year. 
Investigation over a number of years is necessary before the position 
can be stated definitely. 



Fio. 10. 

Fig. 9. — Individual flower X 6. 

Fig. 10. — Small portion of flowering spike (nat. size). 


About February and March individuals about to flower appear 
slightly swollen at the base. The inflorescence is formed at the 
apex of the shoot, a new shoot arising laterally to carry on the 
growth of the tuft. The flowering-scape appears above ground at 
the begining of September, and when only 4 or 5 inches long the 
poUen-grains and ovules are already formed. The buds open shortly 
after they emerge from the bracts and surrounding leaves, so that 
the tip of the spike is often in full bloom before the rest of the spike 
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has appeared. The flowers are not conspicuous, the colours being 
very dull, but they have a sweet scent. In contrast to the flower 
the fruit is very conspicuous, each spikelet being crowded with 
brilliant orange berries. The berries soon drop off when the succulent 
perianth, which at first is closely pressed to the berry, turns back. 
The number of seeds per berry varies from 3-10, 8 being the most 
frequent number. The seeds are smooth, black, and angiflar, with a 
bright polished appearance. The testa is very hard, thick, brittle, 
and practically impcrmea])le to water. 


Structure and Development op Anther (Pigs. 11 and 12). 

In a vory young flower, when the whole infloix^scence is about 
an inch long, the stamen is quite undifferentiated, being rei)]’esented 
by a mass of homogeneous tissue, kidney-shai)ed in transverse 



section. A longitudinal section at the same stage shows a cone-like 
structure with no distinction between anther and filament. A little 
later some of the cells of the hypodermal layer divide to form the 
primary wall-layer and the primary sporogenous layer. This cell- 
division takes place, as in most Angiosperms, in 4 regions of the 
anther. Transversely the anther is still the same shape, but in longi- 
tudinal section shows a slight constriction at the base. This is the 
beginning of the differentiation into anther and filament. The primary 
sporogenous layer divides until several layers of sporogenous cells 
are formed. Some of the wall-layers form a tapetum which is 
partially disorganised in the spore-mother-cell stage. In longitudinal 
section at this point the anther and the filament are quite distinct. 




McCarthy, — Structure and Development of Astelia nervosa 351 

The filament, however, is very short while the anther is almost the 
mature size. The opening of the bud therefore entails a gi*eat elonga- 
tion on the part of the filament. The stamens pass the winter in 
the spore-mother-cell stage. 

At the beginning of spring the spore-mother cells divide to give 
the tetrad of pollen-grains which have sculptured coats. Directly 
below the epidermis of the anther is the cndothccium which is com- 
posed of a layer of palisade-cells. Between the adjacent sporogenous 
tissues of an anther lobe are 2 or 3 layers of thin-walled cells. In 
dehiscence this thin-wallcd tissue breaks down with the result that 
there is now a single compartment in the anther-lobe. In the region 



Pig. 12.— -Transverse section of anther X 100, showing the coalescence of 
the 2 adjacent pollen-chambers. 

of the thin-waUed cells the epidermis and endoihecium are bent 
inwards, the apex of the bend being occupied by the tliin-walled 
tissue. Consequently when this breaks down, the wall is not con- 
tinuous, and with a slight increase of pressure may be bent back- 
wards setting the pollen-grains free. 


Structure and Development of Ovule (Pigs. 13-19). 

The ovule originates in the ovary about the same time as the 
division to form the spore-mother-cells occurs in the anther. The 
nucellus appears first as a protuberance on the placenta. A transverse 
section at this stage shows the three carpellar}" leaves with the ovules 
as small outgrowths at their margins. As the ovule develops the 
nuceUar mass protrudes further and gradually bends sideways and 
downwards. The first integument soon appears as a ring round the 
base of the nucellus. Later, but before the first integument envelops 
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Pig. 13.—Longltudinal section through a very young ovary X 380 showing 
the ovule as a slight protrusion of nucellar material. 

Fig. 14.— 'Longitudinal section through ovary X 380, showing young ovule 
bending sideways and downwards. 



FiG. 15.— Transverse section of ovary X 400, showing the young ovules 
arranged in 2 axial rows. 
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the nucellus, the second makes its appearance on the outer side of 
the ovule. At the same time the embryo-sac can be distinguished 
in the third layer, below the apex of the nucellus, as a round cell 
slightly larger than the others. About the time that the first integu- 
ment has grown beyond the nucellus, a cavity is formed below the 
Fig. 16. 



Fig. ii. 


Fig. 18. 


Fig. 16. — Longitudinal section through ovary X 260, showing ovule with 
the first integument appearing as a ring round the base of the 
nucellus. 

Fig. 17. — Longitudinal section through ovary X 260, showing an ovule with 
the first and second integuments and the embryo-sac. 

Fig. 18. — Longitudinal section of a young ovule X 300. 

enlarging embryo-sac, probably by the breaking down of some of 
the cells of the nucellus. 

The mature ovule is anatropous with an inner and outer integu- 
ment. The former is 2 cells wide, while the latter varies from 3 
cells at the micropylar end, to five at the chalazal. On the inner 
side of the ovule, the funiculus and the outer integument cannot 
be distinguished. The embrj^o-sac occupies only a smal portion of 
the ovule, Ijing immediately below the micropyle. The cavity below 
the embr>"o-sac has greatly increased in size by the breaking down 
of the nucellar tissue. At the base of the cavity is a peculiar star- 
shaped structure which consists of 3 or 4 small cells with thick walls, 
round which radiate elongated cells. Below tliis the nucellus is 
prolonged into the tissue of the chalaza as a tongue-like outgrowth 
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of small radially-extended cells. The walls of the loculi contain in 
their ceUs bundles of very long raphides, a type of crystal found in 
several other parts of the plant. 




'-CO' 
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Fig. 19. — Longitudinal section of an ovule X 380. 


Structure of Fruit and Seed (Figs. 20, 21). 

A berry, when still small and green, is seen in longitudinal 
section to have a dermis of rectangular cells inside which polygonal 
cells interrupted by an occasional vascular strand stretch to the 
cavity of the berry. The young seed has the cavity and star-shaped 
structure typical of the mature ovule. The testa, however, is now 
distinguishable and appears to be striated. 

In the ripe seed the testa is hard and brittle. The embryo is 
situated at one end, with its long axis parallel to the long axis of 
the seed. It is of the usual mono-cotyledonous type, with a terminal 
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Fig. 20.— Longitudinal section of young berry X 60. 


356 


Transactions. 


cotyledon and a lateral growing point. Round the embryo radiate 
in regular rows the endosperm cells. 

Germination (Figs. 22-24). 

The seed may not germinate for some time, but eventually the 
first root and the first foliage-leaf make their appearance. The 



cotyledon remains inside the testa and acts as an absorbing organ 
of the young plant. The endosperm is graduaUy disorganised, a 
milky-looking fluid being formed. 

The first leaf is enclosed in a sheath, through which it breaks 
its way, and shows above ground as an acicular blade. Later the 
second leaf appears enclosed by the base of the first, then the third 
enclosed by the base of the second, and so on. As the leaves 
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develop new roots make their appearance at the point of origin of 
the primary root. 

As the seedling grows its hypocotyl becomes more complex. 
Near the root its shape is circular, in cross section, in contrast to the 
triangular form found further lip the hypocotyl. The limits of the 
leaves can be distinguished by a layer or layers of cells less crowded 



Fig. 22. — ^A. Seedling with seed still attached X 2. 

(1. With seed split open. 2 and 3. Front and back views 
respectively.) 

6. Slighitly older seedling X 2. 

C. Still older seedling (nat. size). 


with starch-grains than the bulk of the hypocotyl. The leaves them- 
selves are ring-shaped in transverse section and the structure of the 
two outermost can be clearly seen. They have an upper and lower 
epidermis of large cells containing no starch-grains. The vascular 
bundles are present but there is no mechanical tissue in connection 
with them. The rest of the leaf is occupied by spongy parenchyma 
crowded with starch-grains. 

Further up the hypocotyl the leaves, in transverse section, are 
shaped like a hollow triangle, the third side being composed of 2 
layers of colourless epidermal cells. The outer leaves as in the lower 
hypocotyl, are crowded with starch-grains, but inside these are seen 
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Fm. 23.— Transvarse section of the hypocotyl of a young plant X 66. 
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the upper portions of younger leaves with the starch-granules 
replaced by chloroplastS) and the third side absent. The leaves are 
spirally arranged, the fourth leaf being vertically above the first. 



Fig. 24. — Transverse section through the leaf-bases of a young plant X 60. 


Summary. 

Astelia nervosa var, sylvestris has certain well-defined xcrophytic 
structures. There is a conspicuous aqueous tissue, and the chloren- 
chyma is composed entirely of spongy’' parcnchjTna containing very 
few air-spaces. The leaves are almost vertical, hairy at the base, 
and are combined to form tufts, the base of which serves to collect 
and store water. It is possibly due to this adaptation that the root 
system is not extensive. The leaf-bases and hypoootyl form a storage- 
place for food as is indicated by the copious starch in these regions. 
The functions of the hypocotyl are therefore the same as those of 
A, Solandri (Wilson, pp. 259, 262). These xerophytic characteristics 
of the mesophytic A. nervosa var. sylvestris are probably due to the 
fact that the genus which, as a whole, contains so many epiphytes, 
has a tendency towards xerophily. 
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The ovule resembles the typical monocotyledonous type, being' 
anatropus and having two integuments. The embryo-sac is smaller 
than in most LiUaoeae, and the nucellus is correspondingly larger, 
and surrounds the large central cavity at the base of which is the 
star-shaped structure which can still be seen in young seeds. The 
tongue-shaped projection of the base of the nucellus into the chalaza 
can only be seen in a median section, and is probably a nutritive 
device. 
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Three New Recent Volutes from New Zealand. 

By A. W. B. Powell. 

IRead before the Auckland Institute, 29th May, 1928; received by Editor, 
31st May, 1928; issued separately, 

30 th August, 1928.1 

Plate 63. 

The larger Recent Volutes of New Zealand are separable into two 
main groups. One of shallow-water occurrence showing considerable 
variation, characterized by a projecting callus-plate on the columella; 
and the other from deeper water showing slight variation, charac- 
terized by a straight pointed columella, without callus-plate. 

To the former group belong the species arahica, swainsoni, and 
depressa and to the latter, jaculoides, larocliei, and two of the new 
species described below. 

The writer is greatly indebted to i)r. J. A. Thomson and Dr. J. 
iMarwick for the loan of \aluable material, to Dr. E. N. Drier for the 
donation of a specimen as type, and to Mr. 11. Hamer for his care 
and skill with the photography. 

Alcithoe swainsoni Marwick (Figs. 1 and 2). 

A iigure of the liolotype, an Upper Pliocene fossil from Kai-iwi 
it here given, as ilawick was unable to include it in his paper (2p. 
294). He states that the division of the arahica-swainsoni group of 
shells into satisfactory species is a difficult matter. 

The writer, however, has observed that typical arahica is quite 
constant throughout the Auckland and Manukau Harbours and 
Hauraki Gulf down to 25 fathoms; while sicainsoni is the ruling 
shallow'-wate!‘ type in Wellington Harbour, though but a short 
distance away at Waikanae both swainsoni and arahica appear to 
intergrade. 

A figure of a Wellington Harbour specimen (Fig. 2) is given 
for comparison with the Pliocene type (Fig. 1). 

A very distinctive dc 2 )rcssa-like variety of swainsoni occurs at 
Muriwai on the West Coast. For many years damaged shells were 
observed washed up on the sandy beach, and others wedged among 
the rocks. Recently three live specimens were collected. All are 
quite constant in having a depressed spire with w^eak shoulder- 
nodules, almost on a line with suture, and in the colour-pattern being 
weak or entirel}^ wanting. They seem to represent a local race, not 
observed elsewhere, and are well worthy of subspecific distinction. 

Aldthoe swainsoni motutarensis n. subsp. (Figs. 3 and 4). 

Shell solid, moderately large. Whorls 5, exclusive of damaged 
protoconch. Spire low, conic, less than i height of aperture. Post- 
nudear spire-whorls faintly nodulous, angled below towards lower 
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suture, body-whorl devoid of nodules. Suture almost on a line with 
shoulder tubercles, which are rather small, regularly spaced, and 
laterally compressed. Shoulder steep, almost straight. Body-whorl 
large, inflated. Fasciole prominent, marked off by defined ridge. 
Aperture large, open, deeply notched below, sub-angled above 
towards posterior notch. Outer lip thickened and reflexed, ascend- 
ing less than i height of penultimate whorl. Columella vertical with 
large projecting callus-plate and 6 plications, upper two weak, lower 
four very strong. Inner lip spread as a thin glaze broadly over body* 
whorl, with prominent callosity towards posterior notch. Colour 
uniform pinkish-buff, with a very obscure pattern in the form of 
zigzag lines of darker buff, entirely absent towards outer lip. The 
paratypes show no traces of colour-pattern. 

Height, 93.5 mm.; diameter, 42.5 mm. (holotype). 

Height, 74 mm.; diameter, 33 mm. (paratype). 

Habitat Motutara and Muriwai Beach, West Coast, Aucklaiul 
(A.W.B.P.). 

Holotype and two paratypes in Author’s collection, Auckland. 

Alcithoe calva n. sp. (Figs 5 and 6). 

Shell very large, narrow and elongated. Whorls 8^. Protoconch 
scaphclloid, moderately large of smooth whorls. Post -nuclear 
whorls smooth, devoid of sculpture except in rare instances whei’c 
spire-whorls are faintly shouldered, showing traces of axial costae. 
Spire tall, half the height of aperture, whorls slightly convex. Body- 
w'horl elongate, sub-cylindrical, gradually contracted below to 
rounded fasciole, not marked off by usual ridge. Aperture long, 
rather narrow with shallow notch below. Outer lip thickened, 
reflexed above, ascending about i height of penultimate whorl. No 
projecting callus-plate on columella which is straight, tapering to a 
sharp point below, with six comparatively weak, very oblique plica- 
tions; upper one more or less rudimentary. Inner lip spread as a 
thin glaze broadly over body-whorl. 

Colour pale buff, ornamented ! with indistinct irregular light 
brown zigzag lines. Interior of aperture pinkish-fawn. 

Most specimens have the outer surface badly eroded. 

Height, 173 mm.; diameter, 64 mm. (holotype). 

Height, 177 mm.; diameter, 64 mm. (paratyi>e). 

Habitat off Cape Campbell, Marlborough in 40-50 fathoms (H. 
Hamilton, 1925). Castlecliff, Wanganui (Upper Pliocene) 1 sp. (A. 
W.B.P. Jan. 1927). 

Holotype and 21 paratypes in Dominion Musuem, Wellington. 

This species differs from sumnsoni in the elongated shape, weak 
columella plications, shallow anterior siphonal notch, and absence of 
projecting columellar callus-plate. Another related species, larochei 
Marwick, is distinguished by its broadly-fuaform shape and fewer 
and stronger columeUar plications. 

Both larochei and calva n. sp. occur commonly at Cape Camp- 
bell but do not seem to intergrade. 
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Plate 53. 



1. Alcithoe sicainaoni Marwick (holotype) 145 mm. X 61 mm. 

2 Alcithoe ^vatmont off Rona Bay, Wellington Harbour, 179 mm. X 70 mm 

3. Alcithoe swatnsont motutaraensts n. subsp. (holotype) 93.5 mm. X 42.5 

mm, 

4. Alcithoe ewaimoni motutaraen&u n. subsp. (paratype) 74 mm. X 33 mm. 
5 Alcithoe calva n. sp. (holotype) 173 mm. X 64 mm. 

6. Alcithoe calva n. sp. (paratype) 177 mm, X 64 mm. 

7-8. Alcithoe iohnatom n. sp, (holotype) 169 mm, X 65 mm. 
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Aldthoe johnstoni n. ep. (Figs. 7 and 8.) 

Shell very large, elongate, inflated below. Whorls 8^ Proto- 
conch scaphelloid, moderately large, of 2^ smooth whorls. iPost- 
nuclear spire-whorls angled at centre and prominently nodulous. 
Penultimate whorl with 11 strong laterally compressed nodules. 
Shoulder sloping slightly concave. Body-whoii large, inflated, 
smooth and devoid of nodules, merged into fascicle without any 
defining ridge. Spire rather short, less that half height of aperture. 
Ai)crture long, expanded at centre, contracted above and below. 
Anterior siphonal notch shallow. Outer lip thickend and reflexed, 
uniformly broadly arched, ascending over half height of penultimate 
whorl. No projecting callus-plate on columella, which is straight, 
tapering to a sharp point below, with five strong oblique plications. 
Tnnei* lip spread as a thin glaze broadly over body-whorl. Colour 
pale pinkish-buff, covered with a network of reddish-brown zigzag 
lines, becoming heavier and blotched at regular intervals, forming 
definite spiral bands, two on spire-whorls, four on body- whorl. 
Parietal callus and interior of aperture uniform pinkish-buff. 

Height, 169 mm.; diameter, 65 mm. 

Habitat off (juvier Island, in 44 fathoms. 

Holoiypc in Author ^s Collection and two specimens in collec- 
tion of Dr. E. N. Drier, Auckland. 

This species is named in honour of (‘aptain Fred Johnston of 
R.T. “Thomas (^urrclF’ who obtained the specimens. It resembles 
jaculoidcs in form of spire and columella but differs in the smooth 
inflated l)ody-whorl and broadly arched outer lip. 

Radula. 

The extremely simple degenerate radulae of the Volutidae are 
of little u.se for classification, as, in the majority of the gciKTa 
(based on nuclear characters) only the central tooth remains, and it 
is almost invariably tricuspid. Alcithoc has this common type of 
radula but it is possible to detect minor specific differences in the 
form of the tooth and its cusps as illustrated by the accompanying 
diagrams. 


I 


2 




1* Represents 3 of the 69 rows from the radula of Alcithoe 
arahica (Puketutu Island, Manukau Harbour, on tidal mud-flats. 
Three radulae compared, characters found constant). 
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2. Represents 3 of the 86 rows from the radula of Aldthoc 
joTinstoni (paratype). 

Compared with arahica the individual teeth of johnstom are 
more deeply excavated at base and the cusps are shorter and 
stronger. 


List of New Zealand Recent Volutes. 

(with references). 

Waihaoia (Fachymclon) lutea (Watson) (4, p. 449 & 2, p. 282). 
Iredalina mirabilis Finlay (1, p. 59). 

Alcithoe arahica (MartjTi) (4, p. 445). 

Alcithoe depressa (Suter) (4. p. 447). 

Alcithoe jaculoides (Powell) (3, p. 108). 

Alcithoe swainsoni Marwick (2, p. 294). 

Alcithoe swainsoni motutaraensis n. sub sp. 

Alcithoe larochei Marwick (2, p. 294). 

Alcithoe calva n. sp. 

Alcithoe johnstoni n. sp. 

Alcithoe gracilis (Swainson) (4, p. 448). 

Alcithoe hedleyi (Murdoch & Suter) (4, p. 448). 
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Descriptions of Five New Land'Shells from 
New Zealand. 

By A. W. B. Powell. 

IRead l)efor€ the Auckland Institute, Stst July, 1928; received hy Editor, 
Srdf August, 1928: issued separately, 

SOth August, 1928.11 

Plates 64 - 55 . 

Murdochia aranea n. sp. (Fig. 1). 

Shell small elongate-conical, subperforatc thin and fragile. 
Whorls 6 including moderately large papillate protoconch of two 
smooth whorls. Post-nuclear whorls sculptured with close, white, 
membranaceous, obliquely-retractive riblets, about eleven per milli- 
metre, interstices with exceedingly fine irregular spiral wrinkles. 
Body-whorl large almost c<iual to half total height of shell, riblets 
continuous over base and converging into umbilical cavity. Spire 
taU, over 2^ times height of aperture. Peristome thin, discontinuous. 
Columella oblique, arcuate, a little reflected over narrow umbilical 
perforation. Colour dark reddish-brown, excepting the white riblets 
whieli stand out in sharp contrast. 

Height 3 mm., diameter 1.5 mm. 

llolotype and 3 paratypes in author's collection Auckland, 5 
paratypes in collection of Mr. W. La Roche, Auckland. 

Habitat : Opononi, Hokiaiiga Harbour, under decaying leaves in 
native bush. (W. La Roche, April, 1928.) 

Kemarixs: This species appears I’elated to Suter's torquillum, 
but is easily distinguished by its much greater adult size and 
proportionately taller spire. 


Aeschrodomus worleyi n. sp. (Kg. 2). 

Shell sniar, conoidal-dome shaped, axially costate, widely umbili- 
cated with rounded periijhery and base. Whorls 5, including low 
rounded protoconch of 2 faintly spirally striated whorls. All post- 
nuclear whorls sculptured with prominent narrow, regular, closely- 
spaced, sharply raised, flexuous and retractive axial riblets, about 
10 per millimetre. The interspaces crowded with exceedingly fine 
subsidiary axial threads and still finer close spiral threads, producing 
a fine even reticulation. Spire IJ height of aperture. Whorls evenly 
convex, impressed at sutures. Base slightly flattened towards 
umbilicus which is wide and deep of about one-third of diameter. 
Aperture small subcircular. Peristome thin, discontinuous. 
Columella short, arcuate, slightly reflexed, and almost vertical. 
Parietal-wall covered with a thin glaze. Colour buff with irregular 
radial rectangular blotches of reddish-brown, becoming obsolete 
towards lower suture and not extending over periphery on body- 
whorl. 
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Height 2 mm., diameter 2.6 mm. 

Holotype presented to Auckland Museum by Professor P. P. 
Worley. 

Habitat: Near Baton River, Nelson (Professor F. P. Worley 
and Rev. P. Worley, 1897). Between Owen and Murchison, Nelson- 
West Coast Road (A. W. B. P., December, 1927). Under decaying 
wood in native bush. 

Remarks: This species agrees very well with Aeschrodomus 
except that the riblets are not produced into hair-like processes at 
the periphery. The conoidal spire and striated protoconch however 
are typical characters discordant with the closely allied genus 
Charopa. 


Egustula spectabilis n. sp. (Figs. 3 and 4). 

Shell small, sub-discoidal, almost flat above peripheral angle, 
convex below, rapidly contracting over base into broad umbilical 
cavity. Whorls 3^, including protoconch of 1^ low, convex, finely 
spirally striated whorls. All post nuclear whorls covered with fine, 
close retractive axial riblets and regularly spaced, obliquely retrac- 
tive radial lamellae, produced at periphery into broad bluntly- 
rounded thin plates, diminishing above towards suture and below 
towards umbilicus. Spiral sculpture in form of indistinct micro- 
scopic striae. Body-whorl slightly descending towards aperture. 
Aperture moderately large, rhomWdal. Peristome discontinuous. 
Outer lip thin, bluntly angled at centre. Parietal callus thin, 
crossed by two of the lamellae. Columella oblique, arcuate, slightly 
reflexed. Umbilicus about one-fifth width of base. Colour uniformly 
golden-brown. 

Height 0.7 mm., diameter 1.5 mm. 

Holotype presented to Auckland Museum by Professor P. P. 
Worley. 

Habitat: Nelson (Professor P. P. Worley and Rev. F. Worley, 
1897). 


Cavellia spelaea n. sp. (Fig. 6). 

Shell very lai^e for the genus, discoidal, with sunken spire, 
broadly umbilicated and regularly radially costate. Whorls 4i, 
including smooth protoconch of IJ low convex whorls. Post-nuclear 
whorls sculptured with numerous oblique, protractive, fine radial 
riblets about 9 or 10 per millimetre, persistent over whorls from 
spire to umbilicus. Interstices with exceedingly fine and close radial 
growth-threads. Body-whorl flattened above periphery, evenly 
convex below to broad perspective umbilicus, a little more than <Mie- 
third width of base. Aperture pyriform, constricted above. Outer 
lip thin, protractive, overhanging above. Inner lip spread as a broad 
thin glaze over parietal wall. Basal lip slightly expanded and 
reflected at junction with parietal wall. 

Height 2.5 mm., diameter, maj. 5.25 mm., min. 4.75 mm. 

Holotype and six paratypes in author’s collection Auckland. 
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Habitat: Coonoor Cave, near Dannevirke. Sub-fossil togetber 
with moa bones (Dinomia) and the common Kccent bush snail, 
Charopa coma (Gray). (H. Hamilton, December 1914.) 

Remarks: This is the largest species of the genus, readily 
distinguished by the flattened sides above periphery. 


Laoma (PhiixgnathuB) lanxfliei n. sp. (Fig. 5). 

Shell small, semitransparent, acutely conical. Spire slightly 
concave, almost three times height of aperture. Acutely angled and 
keeled at periphery, broadly urabilicated and rounded over base. 
Whorls 8, including rather large globular protoconch of 2 smooth 
whorls. Post-nuclear whorls scultpured with fine and close, retrac- 
tive, arcuate growth-lines, much stronger on base. Suture distinct, 
margined above by a thread which later resolves into peripheral 
keel. The spire-outline is slightly concave and rendered a trifle 
gradate, due to the whorls coiling just under the keel Base gently 
rounded. I’mbilicus deep, rather narrow, about one-sixth diameter 
of base. Aperture rhomboidal. Peristome thin, discontinuous. Outer 
lip acutely angled at centre. Columella very short, vertical. Colour 
pale buff, semitransparent, regularly radially banded with light 
reddish-brown. 

Height 2.25 mm., diameter 2.3 mm. 

Ilolotype in author’s collection Auckland, paratype in collection 
of Mr. W. La Roche, Auckland. 

Habitat: Oponoui, Hokianga Harbour, under decaying leaves in 
native bush. (Mr. W. La Roche, April 1928.) 

Remarks: Related to the rare South Island marginata Hutton 
which, however, is less conical and has a much smaller umbilical 
cavity. 
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Notes and Descriptions of Neiy Zealand 
Hymenoptera. 

By E. S. Gourlat, First Assistant Entomologist, 

Cawthron Institute, Nelson. 

IRcaA before the Nelson Institute, 26th October, 1927; received by the 
Editor, 14 th Map, 1928; 

30 th August, 1928.'\ 

ICHNEU»MONIDAE. 

Linmerium Muelleri Butler. 

Mesoleptus Muelleri Butler, Voy. Erebus and Terror, 1874, 
Insects, p. 27; Hutton, Cat. N.Z. Diptera, etc., 1881, 

p. 122. 

Limneria zealaudica Cameron, Man. Mem. 1898, p. 36. 

An interesting account by C. M. Wakefield, of Christchurch, accom- 
panied by figures, of the associations of L. Muelleri with the host, 
Morova suhfasciata Walk., a gall-maker on Mulilenbcckia australis 
Meissn. is quoted by Butler on p]). 46-47. The Tchneumonids are 
found plentifully during the summer months flying around If. wus~ 
trails, assiduously examining the galls formed by M. suhfasciata. A 
study of the habits of the Ichneumonids shows that they arc seeking 
the small, round portion of epidermis covering the exit-hole of the 
adult moth. This is made by the moth-larva before pupating, and 
it is safe from the attacks of L. Muelleri until the exit-hole has been 
excavated through the thick wood of the gall. After the Ichncumo- 
nid larva has completed its metamorphosis it spins a rough, tlark- 
brown, cylindrical, elongated, obtusely-rounded cocoon within the 
gaU, and the adult escapes througli the exit supplied by its host. 

Empty galls are frequently utilized by other insects. 

These include — ^species of Hylaeus, the larvae of which spin a 
transparent, hyaline envelope around the inside of the gall; as 
many as four have been discovered within one gall, though the 
average number is two. 

Larvae of the peculiar beetle Pa/upris aptera Sharp, reside with- 
in the galls, and individuals may be collected in situ in all instars. 
When more than half grown, these larvae are easily reared by 
segregating them in pill-boxes and occasionally supplying small 
pieces of apple for food. 

Other larvae inhabiting the galls are those of the native moth 
Harmologa scoliastis Meyr., although these, together with their 
puparia, are less common than Ptmpris aptera. 

Wolf-spiders are casual oqfupants. Galls favoured by Hyaleus 
and spiders are always dry, while P. aptera and H. scoliastis prefer 
the living wood. 
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Aspicalpus Hudsoni Turner. 

Recently Mr. B. E. Turner, of the British Museum, described 
this insect, the largest and finest Braconid known in New Zealand, 
from a male specimen submitted to him by Mr. G. V. Hudson, 
of Wellington. A number of specimens have been studied from the 
collections of Mr. G. V. Hudson, Mr. A. Philpott and the writer. 
Compared with the type, colour-variations are diverse, being 
inconstant in all parts but the thorax, the head, and antennae, and 
the venation. In three specimens the variations exist to such an 
extent that it has been considered necessary to designate a subspecies, 
A, hudsoni castanea, new var. 

The subspecies does not differ from the type in any points bui 
those of size and colouration, and therefore cannot receive specific 
rank. Except for the antennae anterior to the scape and the 
ovipositor-guides which are black, the insects are castaneous; the 
venation brown, with a black stigma; palpi pale brown; mandibles 
castaneous, teeth black. 

Doryctes pallida n. sp. 

7.75 mm. Head, scape, hind-coxae, all femora and tibiae 
light browm. Remainder of antennae, all tarsi, ocellar area, a large 
urea at the back of the head and the abdomen, brown. Fore 
and mid-coxae, all trochanters and a small section of the tibiae 
basally, pale amber-coloured. Thorax mostly dark brown, approach- 
ing black. Mandibles coneolourous with the head, teeth black. 

Head shining, closely microscopically punctured, vertex and 
seai)e covcind with apressed, amber-coloured pubescence; frons, 
clypeus, checks, and niadibles frontally with longer silvery pube- 
scence, longe.st on the last three. 

Thorax with sparse silvery pubescence; pronotum dorsally and 
metanotum wholly rugulosc; the rest closely, microscopically punc- 
tured. Lateral metanotal carinae indistinct, the median earina faint, 
indicated only basally. The basal four-fifths of area between the 
parapsidal furrows closely covered with apressed, amber-coloured 
pubescence diverging slightly from a central line, and pointing 
posteriorly. 

Abdomen highly polished; first and second segments wholly 
longitudinally striate; the following also longtudinally striate: 
anterior lateral half of the third, mast of the anterior lateral third 
of the fourth, and a small part anterior-lateral ly on the fifth. 

Wings hyaline, stigma and venation dark-brown; suffused with 
dark-brown pigment, except two areas under the basal end of the 
stigma and two larger areas close to the apical end of the stigma. 
These areas are placed near the fore and hind-margins respectively. 
Hind-wings uniformly and only lightly suffused with brown. 

Holotype ( ^ ), Karori, Wellington, Autumn 1920, G. V. Hud- 
son. 

Parat3T)e( d ), Whakapapa 4000 ft., Mt. Ruapehu, January, 
1922, G. V. Hudson. Holotype in collection E. S. Gourlay, paratypo 
in collection G. V. Hudson. 
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Engtbtiimk. 

Neosolindeoia n. gen. 

Female. Head large, transverse, as wide as thorax, shorter 
than broad, with moderately-excavated antennal furrows. Byes 
oval, bare, slightly convergent above ; an impressed line from base to 
insertion of mandibles. Ocelli a little below vertex, in a triande. 
Antennae subclavate, not close together and inserted a little below 
eyes; scape not quite reaching front ocellus, curved,- club obliquely 
truncate, hollowed ventrally.* 

In front of the scutellum the mesonotum is depressed for one- 
third of its length, the depression then dividing into two narrowing 
furrows running to the pronotum but diverging laterally before 
reaching it. Axillae triangular, nearly meeting at their inner angles 
at base of scutellum which is roughly diamond-shaped. Thorax 
bnger than abdomen; ovipositor exsert^. 

Front femora slightly swollen, broadest in apical third; middle 
tibiae with one spine and having a row of five thick black spines 
basally at the ' sides ; middle tarsi moderately swollen with thick 
black spines on joints 1-3; hind-tibiae with a single spur. 

Male. Resembles female in all but the following points: anten- 
nae not tapering; scape shorter; pedicel shorter and broader; flagel- 
lum broadly filiform, except for obliquely-truncate apical joint. 
Mesonotum normal, without depressions, and with indistinct para- 
epidal furrows running obliquely on their apical two-thirds to sides 
of mesonotum. Scutellum rounded basally. Middle tibiae and tarsi 
without spines, tarsi not dilated. 

Closely approaches the genus Solmdenia, from which it differs 
in having head as wide as thorax, eyes not oblong oval, especially 
convergent above, nor projecting beyond back part of head; ocelli 
not close to inner margin of eyes, and in having ovipositor exserted. 

Neosolindeoia cyanea n. sp. 

? 3.75 mm.; valves of ovipositor extruded .75 mm. Ground 

colour black, with highly metallic deep blue tints, except where other- 
wise stated. 

Antennae short, the flagellar joints widening consecutively to 
apical which is conical; covered with aprossed, thick, black hair; 
apical joint possessing short, thick, sensory hairs, visible only under 
high magnification. Byes black; ocelli transparent golden-brown. 
Head finely reticulate, except on vertex which is rugulose; with a 
few short black hairs on vertex, long and pale-brown on face. 

Thorax finely reticulate; except on mesopleurae covered lightly 
with silvery hairs; a fringe of apressed long, stiff, black hairs on 
pronotum basally. Wings iridescent, veins dark-brown. 

Legs more hairy than thorax; anterior and middle femora with 
knees and adjoining parts of tibiae, brown ; first anterior tarsal joints 
partly, remmnder, whoUy dark-brown, last darkest. Middle and 
hind tarsi differ by anterior half of the first joint being lighter. 
Tibial spur on middle legs light brown, spines under tarsal joints 
1-3 black. 

•Possibly occurring only after death, but consistently formed In all 
Bpecimens examined. 
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Ovipositor transpaimt brown; a small anterior part of guides 
bla<^, the rest consecutively and evenly divided into honey-yellow and 
dark-brown. 

S 2.3 nun. Like the female, but differs in minor characters, 
viz : no sensory hairs on apical joint of antennae ; first tarsal joint of 
middle and hind legs a dirty cream with a slight suffusion of black 
apically; spur of middle tibiae silvery. 

Chalcidoid is parasitic on / Limneria muUeri Butl. adults 
emerging from cocoons of the latter. 

Holotype {$), Nelson, collected 31/7/27, emerged 1/12/27, E. 
S. Gourlay. In collection Cawthron Institute. 

Allotype ( $ ), Nelson, collected 31/7/27, emerged 27/10/27, B. 
S. Gourlay. In collection E. S. Gourlay. 

Paratypes, a series of nine females and three males. One 
female was taken by Mr. A. Philpott in Nelson on 7th February, 
1921. The following is a record of specimens taken by the writer : 
six females from Nelson at dates ^tween December 1924 and 
November 1927 ; one female from Murchison, 26/1/27, and one from 
Riccarton Bush, Christchurch, 7/1/24; three males from Nelson, 
between November and December, 1927. 

Polymoiia barteli n. sp. 

? . 6.5 ram. ; valves of ovipositor large and flattened, ex- 
truded 1 mm. Ground-colour black, with vai’ious metallic colours 
superimposed, frequently to such an extent that the grand-colour 
has a darkening influence only. 

Antennae 12-jointed, black, sparsely clothed with pale short 
hair, shorter on flagellum; scape curved, slightly reflecting a golden 
iiidescence, pedicel reflecting a rosy iridescence. Head coarsely 
loigose, finer at ocellar area; face, clypeus, base of clypeus fringed 
above mandibles except in centre, lower cheeks and palpi, with long 
silvcrj’ hair; at the back basally, sparse long black hair; reflecting 
subdued golden and rosy metallic colours; mandible.s black. 

Pro- and raeso-thorax rugose, with a few scattered hairs; the 
former subdued metallic greenish-gold; mesothorax rosy and blue 
metallic on each side of and between parapspidal furrows ; the latter 
greenish-gold, green predominating; the metathorax and episternum 
finely rugo.se; spiracles large, oval; tegulae testaceous. 

Wings iridescent, the fore-wings with a medial longitudinal 
fuscous band; veins fuscous, post-marginal vein twice as long as 
stigmal. 

Knees of femora, tibiae, and tarsi fuscous; last three joints of 
larsi and claws darker. Abdomen one and a half times length of 
thorax, reticulate; possessing a fimbria of a few long black hairs, 
the other segments scantily covered with short silvery pubescence; 
metallic greenish-gold with blue, purple 'and rose tints dorsally on 
segments 4-6 ; segments 1 and 2 scaly ; greatly incised medially in 1, 
less in 2. 

$ . 4 mm. Differs from female in the following points ; antennae 
10- jointed; scape shorter; flagellum not hairy, flattened, longitudi- 
nally striate. The infuscation in wings 'is less apparent. The anal 
fimbria is absent, and there are a few long, pale hairs on abdomen. 
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In a series of 18 males and 79 females Ihere is great dnersity in 
size, the former ranging from 2 mm. to 4.75 mm. in length, the 
latter from 4 mm. to 6.5 mtm. in length. 

Named after Mr. J. G. Bartel, of Nelson, who kindly permitted 
the writer access to his private property, where a large series of this 
species was collected. The host is at present unknown. 

Holotype { $), Nelson, 21st October, 1925, E. S. Gourlay. In 
collection Cawthron Institute. 

Allotype ( S ), Nelson, 2nd November, 1927, E. S. Gourlay. In 
collection 13. S. Gourlay. 

Partypes, a large number of specimens, cnumeri'ied above, 
taken in Nelson between October 1921 and November 1927, collected 
by J. G. Bartel and E. S. Gourlay, also a male Avith the wing-fascia 
absent, taken by the writer at Bicearton Bush, Christchurch, on 6th 
October, 1920; four females .secured by Mr. A. Philpott in Nelson, 



Fig. 1 . — Thaumasura respleniens n. sp Disposition of hairs indicated only 
on metatborax, bind covae and abdomen. 

between 3rd October, 1921 and 10th October, 1922, and two females 
collected by Mr. G. V. Hudson at South Karori, Wellington, 30th 
November, 1921 and at Makara Bush, Karori, Wellington, 6th 
December, 1925. 
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Cl^ONYMIDAE. 

Thaumasura resplendens u. sp. (Fig. 1). 

$ . 8 mm. ; to tip of ovipositor 8.5 nun. 

Head transverse, roughly triangular, with vertex dull green, 
the rest, with scape and pedicel of antennae, metallic red and 
green ; remainder of antennae black. 

Pro- and meso-thorax dull green, finely reticulate and having a 
quilted appearance; metallic green, gold and pink vcntrally; meta- 
thorax and first abdominal segment shining black, the former with 
areas ai'ound spiracles of brilliant inetallie-grcen bordered with red, 
and having a fringe of very long silver hairs disposed laterally and 
basally. 

Abdomen brilliant metallic-red dorsally, black and slightly 
metallic vcntrally. Legs brown, with coxae and claws black, the 
former metallic-green, gold and pink underneath. Wings hyaline, 
venation brown; a small brow'ii fascia distally below the submargmal 
^ein; a larger brown fascia from the stigma, curving dowmwards 
and towards base of wing, terminating closer to base of wing than 
the smaller fascia. Guides of ovipositor black. 

Closely approaches the Australian species T. silvensis Gir. but 
differs in the distance between the eyi‘s at the vertex being twice 
that of T. silvnisis, the o\ipositor scarcely ex.serted, in the wing- 
fasciae and minor points of colouration. On the whole, the two 
species are strikingly similar. 

Holotype ( 9 ), Karori, Wellington, 17th January, 1909, G. V. 
Hudson. In collection G. V. Hudson. 

Paratype ( 9 ), Le.slie River, Ht. Arthur. 17th November, 1925, 
W. lleighway. In collection Cawthron Institute. 
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Studies in New Zealand Fishes. 

By L. T. Griffin, P.Z.S., Assistant Curator, Auckland Museum. 

[Readf before the Auckland Institute 29th May, 1928; received by Editor, 
4th June, 1928; issued separately, 

^ 30 th August, 192B,'\ 

Plates 56-65. 

Fainily Muraenidae. 

Genus gymnothorax Bloch. 

Qymnothorax nubUus (Richardson). (Fig. 1). 

Muraena nuhila Rich. Voy, Ereh, & Terr, Fish. p. 81, pi. 46, 
Figs. 6-10. 

Muraena petelU Bleeker. Guenther, Cat, Fish, Brit, Mus, p. 105. 

Head, 3.28 in trunk or nearly 7 in total length of fish. Eye, 10 
in the head or 2 in snout. Gill-opening sub-equal with the eye. 
Anterior nasal tube, about | the eye. Mouth, rather more than 2 
in the head. Dorsal fin, 2 in greatest height of body. Teeth in jaws 
broadly compressed, 12 on each side of the upper jaw, with 3 shorter 
ones in front, and 13 on each side of the lower jaw, with 2 small 
ones in front. Minute intermediate teeth present between each of 
the larger series. A single long palatine tooth followed by a mesial 
line of about 10 small ones, the third of which is longest, the last 
three or four very minute. 

Body compressed, tapering gently to tip of tail. Occipital 
region slopes steeply from origin of the dorsal fin to tip of snout. 
Snout convex, flattened on sides with a slight concavity behind the 
eye. Anterior nostrils in a moderately stout tube the tips of which 
are turned inwards. Posterior nostril a small lanceolate slit 
situated above the anterior margin of the eye. Branchiostegal sac 
very little developed. 

Origin of dorsal fin is the vertical from the centre between the 
eye and gill-opening. The fin is almost of uniform height through- 
out, except where it aproaches the tip of tail. The anal originates 
immediately posterior to the vent, it is much lower than the dorsal, 
its greatest width being about half the height of the former. Tip 
of tail entirely surrounded by the fins. 

Colour: Uniform ochraceous tawny of Ridgway’s colour 
standards plate 15, the ventral surface being mineral-grey, pi. 47 
of the same work.* 

A series of fourteen or more rather indistinct nebulous blotches 
on the sides which do not extend on to the dorsal fin. Sides of 
head and lower jaw lighter than the body-colour. Three very black 
lines on side of head, the first originating at angle of mouth nearly 
reaching gill-o])ening, the second in line with middle of lower jaw, 
while the third passes along its lower margin. Dorsal fin uniform, 
same as body-colour for three-fourths of its length, then becoming 

^Colour Standards and Nomenclature, Ridgway, Washington, D.C. 1912, 
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very narrowly margined with black, and with an outer very thin 
line of pure white. Base of anal greyish-brown broadly margined 
with black and white. Eye bright bluish-silver with an oblong blue- 
black lens. 

Identity and variation \ I have managed to secure only one 
specimen of this striking eel, which, so far as I am aware, is the 
first example recorded from New Zealand. The description and plate 
given by Richardson agree so well with my specimen, that despite 
very minor differences, I have no doubt as to its correct identity. 
It is well known that the dentition and other characters are liable 
to great change with age in all members of this family. In Richard- 
son ’s fish, the teeth arc somewhat greater, while the colour-marking 
seems much more clearly defined; but beyond this my fish is com- 
parative. 

It seems questionable whether Muraena petelli Bleek, should be 
regarded as conspecifie. 

Mr. Gilbert Whitley, Zoologist to the Australian Museum, 
informs me that Gymnothorax patelli (Bleeker) was originally 
described from Ora Malang,” Java, and seems to be restricted 
to the tropics (Vide Weber & de Beaufort, Pish. Indo Austr, Archip., 
3, 191G, p. 372), and is perhaps distinct from G, nnhilus (Rich.) 
from Norfolk Island. 

Described amd figured from a specimen which is 640 mm. long 
from the tip of snout to tip of tail. Greatest width of body 55 mm.; 
eye, 9 mm.; gill-opening, 9 mm.; angle of mouth, 40 mm.; dorsal 
fin, 27 mm.; anal fin, 15 mm. 

Locality and distribution: Sister Rocks, near Cape Brett, Bay 
of Islands, March 1928. Richarson records it from Norfolk Island, 
while Guenther records it from the Indian Ocean and Aehipelago. 

Specimen in the Auckland Museum. 

Family Trachichthvidai:. 

Genus hoplostethus Cuv ct Val. 

Hoplofitethus elongatus (Guenther). Long Roughy. (Fig. 2). 

TraMchthys elongatus Guenther. Cat, Fish, Brit, Mus.y 1, p. 10, 
and Voy, Chall, Zool,, vol. 22, p. 22, pi. V, Pig. C. 

Br. 9; D.iv/XI; A,iii/IX; V.i/VI; P.XI; C.xix/5/5; L. lat. 
ra65-70 L.tr about 19 above and 27 l>elow. Abdominal scutes 10-11. 
Depth of body rather more than 2f in the length to the hypural 
joint; head, 3.14 in same. Eye, 2^ in the head or 1.5 in the caudal 
peduncle. Interorbital space equals 2 of the eye. Snout, | the 
diameter of eye. 

Body compressed, dorsal and ventral profiles fairly evenly 
curved, covered with rather small ctenoid scales, and with a strongly 
serrated abdomen. Lateral line commencing at upper angle of 
operculum curves downward for a short distance over pectoral, 
thence straight to caudal. Cheeks and maxillary with small ctenoid 
scales similar to those on body. On the operculum scales ar^ present 
on its upper margin, and below these there are several broad, 
roughened arched ridges about the centre, with a smooth transparent 
flap behind ending in a broad flexible point. A moderately strong 



376 


Transactions, 


spine present on its upper posterior margin. Praeopcrculum with 
two parallel bony ridges on its posterior margin, the edges of which 
are strongly roughened, and end with a strong spine at the angle, the 
latter not quite reaching the gill-opening. Humeral bone smooth. 

Interorbital space convex. Scales on the nape extend forward 
to above middle of eye, thence to tip ol! snout no scales are found, 
but the skin is roughened. Two narrow bony ridges from nape to 
tip of snout converging in middle with a narrow triangular cavity 
above eye. Between these and the superciliary margin, there is a 
strongly-arched ridge curving from the suprascapulary to the 
posterior nostril. Nostrils close together, the anterior small, rounded, 
the posterior larger, ovate. Eye large, placed liigh up on side, the 
infraorbital arch transformed into a channel covered by semi- 
transparent skin, and crossed by five or six roughened bony ridges. 
Snout short, rounded, the cleft of mouth oblique. Exceedingly fine 
villi form teeth in a narrow band in both jaws. A very minute patch 
on the vomer, and a narrow band on the palatine bones. Maxillary 
extends backward to vertical of posterior margin of eye or a little 
beyond. It is elongate, styliform, but dilated at the end. Lower 
jaw little shorter than the upper with two small roughened points 
in front. 

Gills 3J; gill-rakers long, slender, 19 on the lower half of the 
anterior limb. Pseudobranchiae present. Origin of dm-sal fin much 
nearer to tip of snout than to the caudal, the third ray higln^st, 
those following getting progressively shorter. The anal originates 
in the vertical of tenth ray of dorsal to which it is similar in 
form. Pectoral rounded, sub-equal in length to ventral, ('"audal 
moderately forked, lobes i)ointed. 

Colour: Dorsal above lateral line dee]) violet-brown, beloM", 
silver lightly shot with violet. Base of dorsal and anal bright 
orange, the rest clear. A broad streak on each lobe of the caudal 
bright orange, rest of tail clear. Pectoral and ventral bright orange 
at base, the rest clear. Head similar to body-colour. Eye golden- 
orange and blue-black. 

Described and figured from a specimen which is 83 mm. long 
from tip of snout to hypural joint. The head is 29 mm., eye 10 mm., 
caudal peduncle 12 mm. 

Locality: Kawau Island, Ilauraki Gulf, Jan. 1928. Several 
specimens presented by Mr. Harold Buddie. Specimens in the 
Auckland Museum. 


Family Stromateidae. 

Genus seriolella, Guichenot. 

Seriolella amplus n. sp. (Fig. 3). 

Key to the New Zealand Species. 

a. Body compressed, deep. Nostrils near end of snout. 

Maxillary reaching to or little beyond the vertical from anterior 
margin of the eye. Ventrals rather small. 

A conspicuous dark patch on body near the upper posterior margin 
of operculum. Pectoral reaches beyond the vent, or to the vertical 
of the 14th dorsal ray hrama. 

aa. Body elongate, not so deep, with numerous small round spots along 
the middle line. A dark vertical bar across the eye. Pectoral 
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reaches the vertical of the 8th dorsal ray, and not nearly reaching 
the vent <S». punctata, 

b. Body robust. Nostrils about midway between the eye and tip of 
snout. Maxillary reaches just beyond the centre of eye. Pectoral 
markedly falcate, reaching backward to the vertical of the 8tli-9th 
dorsal rays, and to the anterior margin of the vent. No dark patch 
on body at upper posterior margin of operculum *S^ ampins n. sp. 

Br. 7; D.ix/I/XVIII ; A.iii/XV; V.i/V; P.XIX; C.XXII. 

Depth behind ventral, 3.21 ; head, 3.12 in tlie length to base of 
vandal rays. Kye, rather more than 4.8 in the head, snbequal with 
snout, and nearly 2 in interorbital space. Caudal peduncle subcqual 
with width of eye. Line lat. about 100, L.tr 30 above 33 below. 

Body robust, the dorsal and ventral i)rofiles almost equally 
arched, covered with rather small cycloid scales, which become some- 
what larger almut the centre of the fish behind pectorals. The cheeks, 
operculum, mid interoperculum, are also covered with moderate 
scales, which terminate in a line with the upper margin of the orbit, 
but the broad margin of the preoperculum, maxillary, lower jaw 
and iireorliital, are scaleless. Top of head smooth, excepting an 
isolated patch of small scales situated about midway between top of 
orliit and profile. There is also a band of imbedded scales above 
the eje on margin of orbit. The scales behind the eye form a double 
band of a leaf-like pattern, and there is a similar group at angle 
of jaw, while scales on cheeks are ranged in more or less narrow 
curved bands. 

Lateral line* convex tiver ]K*ctoral, (*oncave below second dorsal, 
thence slightly oblicpie to caudal. On peduncle it is nearer to 
ventral surface than dorsal. 

Snout covei*od with very tough skin. Two nostrils i)laced nearly 
in the centre, or rather neanu* eye than tip of snout. Maxillary 
covered with tough skin similar to snout, of moderate strength, and 
reaches a little beyond vertical of centre of eye. Preorbital narrow, 
its margin smooth. Mouth oblique, lii)s and lower jaw covered with 
very tough skin. Teeth in jaws in a single series, none on vomer, 
])alatine bones, or tongue. Eye large, situated nearer top of head 
than middle. Preoperculum finely denticulated, omarginate, angle 
imxluccd and broadly rounded. Operculum terminating in a thin 
Hat point margined with skin. Gills, 4; gill-rakers, 17 on lower half 
of anterior limb. Pseudobranchiae present. Dorsal fin commencing 
somewhat behind the vertical of base of pectoral stands in a shallow 
groove, spinose portion strong, and much lower than rays; spines 
get pi’ogressively longer from the first to the fifth-sixth which are 
longest, sul)equal witli the last, or f width of eye. The first ray is 
simple and highest, those following are branched. First two spines 
of anal are extremely small and difficult to detect, being almost 
completely embedded in thick membrane of fin, they are firmly 
adherent to third spine which is adherent to first ray, the latter 
being simple, similar to first ray of dorsal. Both fins are similar 
in character and form, heavily scaled at base, and between inter- 
radial membranes. Pectoral markedly falcate, reaching backwards 
to vertical of eight-ninth rays of dorsal. Ventrals rather large, 
furnished with a long slender spine; they extend backwards to 
vertical of eighth dorsal spine. Caudal forked, rays covered with 
scales for three-fourths of their length. 
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Colour ; Above lateral line, bluish-black, some specimens showing 
a brownish hue. Below lateral line, dull silver shot with pale blue. 
Top of head same as body above lateral line. Cheeks and opercles, 
dull silver shot with pale blue. No dark blotches are found on this 
species, and the conspicuous black blotch seen on upper margin of 
operculum in S. brama, is* totally absent in this fish. The naked 
margin of preoperculum, maxillary, and lower jaw have many 
minute cream-coloured dots, and a few light blotches irregularly 
scattered about. Pectoral verj" thin bluish-horn colour. Dorsal, anal, 
ventrals, and caudal, similar to body-colour. Eye, golden with an 
inner black ring, the membrane covering the eye being transparent 
bluish. 

Described and figured from the holotype which is 537 mm. long, 
from the symphysis of the lower jaw to the hypural joint. The 
head is 183 mm. long, the eye 39 mm., ventral 28 mm., pectoral 161 
mm., width of caudal peduncle 48 mm. 

Affinities and variation: When I first glanced at this fish, I 
thought it would turn out to be merely a variety of S. brama, as it 
is well known that the latter species is subject to very great variation ; 
but a more critical examination soon proved this to be incorrect. 
Since obtaining the holotype, I have examined many others of 
various sizes, and the closest observation failed to show any varia- 
tion whatever. This is interesting when we realize the great differ- 
ences found in other species in the same genus. Tt is somewhat 
extraordinary that this fine fish has never been brought to the 
notice of scientists before, as it ap];>ears to be very ydentiful in its 
habitat. It is, however, strictly local; this will probably account for 
its absence in the markets. Many specimens have been taken recently 
on the line by Mr. Shirlej", one of our mbst observant fishermen, who 
informed me that he had happened upon an old Maori fishing 
ground, the history of which was well known to present-day Maoris, 
but the locality had been forgotten foi' many years. Mr. Shirley 
found the place teeming with hapuku, poUfprion j>rogmihus, and the 
species which forms the subject of this description. Not very far 
away a second ground was discovered, where both species were found 
also, though not quite so plentiful. 1 owe Mr. Shirlev my thanks 
for bringing this interesting fish to my notice. 

Locality: Near Mayor Island. Bay of Plenty. Taken by hand 
line on a verj- rock}^ bottom. Holotype and paratvpe in the x\uckland 
Museum. 


Family Bramidau. 

Genus brama, Bloch & Schneider. 


Brama raii (Bloch). Ray^s Bream. (Pig. 4). 

^parus raii Bloch, Ansi Fische. 5, 1791, p. 95, pi. 273. 

Brama squamosa Hector. Trans. X.Z. Inst., 9, 1877, n. 465 
pi. 9, Pig. 32a. 

Brama raii (Bloch). McCoy, Prodr. Zool. Viet. 14, 1887, pi. 133. 
Brama raii (Bloch). Phillipps, N.Z. Journ. Sci. cfc Tech 7, 
p. 246 with fig. 


Br. 8; D.iii/XXXII; A.ii/XXVI; P.xix 
lat. 90; L.lr, 14 above, 28 approx, below. 


V.i/V ; C.xxiii, 


Line 
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Depth of body, 2.10^ from tip of snout to base of middle caudal 
rays; head, from symphysis of lower jaw 3i in same. Eye, 3| in 
the head, and nearly equal to the snout. Caudal peduncle | the 
width of eye. 

Body greatly compressed, dorsal and ventral profiles almost 
evenly convex, covered with cycloid scales much smaller above lateral 
line, smallest along base of dorsal, top of head, caudal peduncle, 
base of anal, and on breast. On nape they extend forward to vertical 
of anterior margin of eye. In angle behind pectoral, there is a 
cluster of seven rather large free scales, and a similar cluster of 
about five smaller ones depending exteriorly from the last rays of 
the fin, A long pointed scale present on side above base of ventral, 
and a similar one behind fin attached to last ray. Lateral line 
commencing at upper angle of operculum curves upward with a short 
bend to below first ray of dorsal, thence fairly straight to vertical 
of fifteenth raj"; it then bends downward rather steeply for a short 
distance, thence follows a moderately straight course to peduncle. 
Before pectoral the lateral line is very distinct, getting gradually 
less distinct behind, while on peduncle it is almost lost. 

Head with scales on cheeks, i)osterioi’ margin of iiiterorbital, 
maxillary, operculum and iiitcropereulum similar to those on body, 
but smaller. The broad margin of the preoperculum is scalcless, 
but showing striae. AVhole of snout and lower jaw naked. Profile 
of head very blunt, lower jaw a little the longer when mouth is 
shut; it appears very much longer with the mouth oi)en. Two 
nostrils in about a middle line with eye, the ])osterior oblong, 
anterior larger, rounded. Upper jaw with an outer series of acute 
subulate teeth and an inner series of smaller ones. In low-er jaw 
the outer scries is the smaller, the inner ones being similar to outer 
series in upi)cr jaw. Small acute teeth present on vomer, and 
palatine bones, the latter being very well furnished, tongue smooth, 
(lills, 31 ; gill-rakers 12, on lower half of anterior limb, the latter 
having as many as 28 teeth on inner margins. Pseudobranchiae 
pre.sent. The second ray of dorsal hij^hest, thosi‘ folowing, as h\v 
as eleventh, decreasing somewhat rapidly in height: thence th(*y 
become fairlj- uniform to the last. Narrow transverse scales present 
on all spines and rajs and interradial membranes, their margins 
frei\ Anal similar to dorsal but much lower. Pectoral long, reach- 
ing backward to eighteenth raj" of doi’sal. Vcntrals small with a 
short strong spine. Caudal deeplj" forked, lobes abopt equal, its rajs 
covered with scales similar to doi*sal and anal fins. 

Colour: Above lateral line dull bluish-silver, below the colour 
w"as dull silver with a darker brownish-silver patch about middle of 
bodj"; most of the scales have an inner crescentic blackish band. 
Dorsal fin dull bluish-black, the scales somewhat lighter. Anal 
similar but paler. Caudal same as dorsal. Ventral and pectoral 
clear bluish-liom. Ej"c golden and blue-black, wdth an outer ring of 
bluish-white margined with dark brown. 

Described and figured from a fine specimen whieV is 526 mm. 
long from the premaxillary symphsis to the caudal peduncle. The 
head is 147 mm., eye 37 mm, greatest height of body 240 mm., 
caudal peduncle 30 mm. 
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Identity and synonymy: The species here described is the first 
of its kind received at the Auckland Museum. It was taken in the 
trawl by Capt. Holt of Sandford s, Ltd., to whom I am indebted for 
saving the fish for the Museum collection. 

Although there is some variation noted by different observers, 
my specimen agrees so well in all essential points that I have no 
doubt as to its corr(‘Ct identity. There is little doubt that Toxotes 
sguamosus Hutton* should be regarded as synonymous ; unfortunately 
Hutton ^s specimen appears to be lost, so that a comparison is out 
of the question. According to McCulloch, Ray's Bream appears to 
be rare in Australian waters, but McCoy records it at Portland, 
Victoria, in considerable numbers in April 1884. In New Zealand, 
Phillipps records it from Napier, Queen Charlotte Sound, and Plim- 
merton. Clarke's figure given by Phillipps in the N.Z, Journ. Sci. 
and Technology was drawn from a specimen taken at Hokitika in 
1872. The fish, however, has a very wide geographical range; 
Guenther states, it is found on the ^English coasts, Medittcrrean, 
and Cape seas.t 

Localif)f: Trawled between Te Kaha and White Island, Jan. 
1928. Specimen in the Auckland Museum. 

Family Pempheridae. 

Genus pempheris, Cuvier. 

Key to the New Zealvnd Species. 

Eye 7i-8 in the length from the premaxillary symphysis to the end of the 
middle caudal rays. 

No mesial line of cycloid scales from interorbital to origin of dorsal. 

Ventrals cover the vent comprrssa. 

Eye smaller, rather less than 9 in the length from the premaxillary 
symphysis to end of middle caudal rays. 

A narrow mesial line of cycloid scales from interorbital to origin of dorsal. 
Ventral smaller, reaching to anterior margin of vent adspersus. 

Pempheris compressa, BulLscye. (Fig. 5). 

Sjxirns compressus, Shaw, Whitens Voy. N.S. Wales, 1790, pi. 12. 
Pempheru; compressus. Stead, Ed. Fish. N.S. Wales, 1908, p. 49. 
pi. 18. 

Br. 7; D./vi/XI; A.iii/XXXl; P.i/XV; V.i/V; axvi/2/2. 
L. lat about 74; L.tr, 12/20. 

Height of body, 2.4; head, 3.5f in the length from the pre- 
maxillary symphysis to end of middle caudal rays. Eye nearly 8 
in the same or rather more than 2 in the head, and about 3 in the 
height of body. Maxillary about 2J in the eye. Caudal peduncle 
f the eye. 

Body deep, short, highly compressed, dorsal profile rising 
moderately from tip of snout to dorsal fin where it is highest, from 
thence a slight slope to caudal. Ventral surface much straighter. 
Whole of body and liead covered with small ctenoid scales which 
extend forward on interorbital nearly as far as anterior margin of 
eye. Similar but smaller ctenoid scales are present crowded on the 


^Trans. N.Z. Inst., vol. 8, 1876, p. 210. 
tGuenther, Brit. Mus. Cat. Fish. vol. 2, p. 408. 
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cheeks, operelcs, preorbital, maxillary, and lower jaw; the tip of 
snout only is scaleless. 

Lateral line forms a very even curve, and extends almost to end 
of middle caudal rays. From anterior portion of lateral line there 
is a branched line extending over top of operculum, ending above 
middle of top of eye, and a similar curved one over shoulder uniting 
with branched line above eye. A few small slightly-hooked spines 
present on lower angle of cheek, also a single but larger double- 
toothed one exactly at angle. Operculum without spines or excava- 
tions. A small bony point on upper anterior margin of preorbital. 
Maxillary extends backward to vertical of three-fourths of orbit. 
Teeth in both jaws in a single series, those in the upper somewhat 
scattered with a very few longer ones betvreen. Teeth in lower jaw 
smaller and more uniform. A broad triangular band of teeth on 
vomer, and a narrow band on palatine bones. Tongue smooth. 

Gills, 4; gill-rakers long, 23 on lower half of anterior limb. 
Dorsal fin rises almost in the centre of back, its origin slightly nearer 
lip of snout than to procurrent caudal rays. The anal originates 
in vertical of the 6-7th dorsal rays. Pectoral pointed, reaching 
beyond last dorsal ray when laid back. The ventrals cover vent, 
but do not quite reach first anal spine. 

Colour*. Above lateral line light brownish-silver with darker 
clouding. Below lateral line uniform light brownish-silver. A few 
minute reddish-brown dots are scattered about on sides of body; I 
counted not more than 16 above the lateral line, and about 80 ])elow. 
Head similar in colour to body. Dorsal fin with its first six spines 
])ale reddish-brown at base, but the tips of the thn^e first rays are 
much darker. Caudal lobes and anal fin tipped with reddish-brown 
similar to dorsal. Pectoral and ventral uniform cream-white. 

Affinities: At first sight this fish appears very like P. adspersiis^y 
but a critical (‘xamination discloses some differences between the 
two species which arc well explained by tlie key provided at the 
head of this description. 

Described and figured from a fine specimen which is 120 mm. 
long from the symphysis of the lower jaw to the caudal ])e(luncle. 
<ri*eatest h<*ight of body, 52 mm.; head, 41 mm.; eye, 19 mm. 

Locality. Kawau Island, Ilauraki (Uilf, Auckland, February, 
1928. Specimen in the Auckland Museum. 

Family L.\trididae. 

Genus latris, Richardson. 

Latris lineata, Trumpeter. (Fig. 6). 

Cichln lineata Bloch, & Schneider, Sysf. Ichth., 1801, p. 342. 

Latris hecatcia Richardson, Trans. Zool. Soc. 3, 1842, p. 106, 
pi. 6, 1. 

Latris hecateia Rich. Huttop, Cat, Fish. N. Zealand, 1872, p, 8, 
pi. 2, Fig. 12. 

Br. 6; D.xviii/I/XXXV., A.iii/I/XXVII., P.XVIII., V.i/V., 
C.xv/3/3. 

More than one hundred scales in the lateral line, the transverse 
series being about seventeen above, twenty-nine below\ Head, 3.7f, 

*Pempheris adspersuSt Griffin. Trans, N.Z. Jmt., \ol. 58, 1927, p. 139. 
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depth 3.5i in the length to the base of the middle caudal rays. 
Eye rather more than 5 in the head or two in the snout, and about 
l| in the interorbital space, the latter being subequal with the caudal 
peduncle. 

Body compressed, oblong, dorsal and ventral profiles equally 
curved, covered with moderate cycloid scales. Small cycloid scales 
also found on top of head, extending forward as far as posterior 
nostril, also on cheeks and operculum, but margins of preoperculum 
and interopcrculum are only partially scaled. The whole of the 
snout, lips, maxillary and lower jaw are scalcless. 

Lateral line rather high, nearer dorsal than middle of fish. It 
is very little curved, oblique on peduncle. 

Top of head slopes steeply to symphysis, but there is a slight 
convexity in middle. Eye large, placed nearly in middle of the 
length of head, nearer upper profile than lower. Two nostrils, the 
posterior a round foramen, the anterior somewhat oblong, provided 
with a strong cutaneous flap on posterior margin. The maxillary 
does not reach anterior margin of eye, and at least half its width 
is hidden beneath the preorbital. Lips tumid, upper jaw longer than 
lower. Villiform teeth in both jaws, with an outer series of longer 
and stronger ones. Very fine teeth present on vomer, none on 
palatine bones or tongue. Angle of prcoperculum broadly rounded. 
Operculum terminating in a flat point surrounded with skin. Gills 
4, gill-rakers 17 on lower half of anterior limb. Pseudobranchiae 
present. First dorsal high, standing in a groove, the spines getting 
rapidly higher to the seventh which is highest, four and half times 
as high as the first, and rather more than times width of eye. 
From the seventh, the spines decrease in height \ery gradually, the 
last being about equal to the second, and separated from the seven- 
teenth by low membrane. The first ray is simple, about three- 
quarters the length of the second which is highest, all the others 
decreasing very gradually in height baclcwards. The anal is similar 
to the second dorsal in every way, and both fins are contaiiu'd in a 
narrow scaled sheath. Ventrals with a slender spine, length of which 
is subcqual with fifth dorsal. Their origin is the vertical of middle 
of pectoral. Pectoral with upper and lower ra\s shortest; it readies 
backwards to the vertical of the thirteenth-fourteenth dorsal siiines. 
Caudal forked. 

Colour: Dorsal surface and sides yellowish-bronze, with three 
whitish longitudinal bands, one near top of dorsal which becomes 
somewhat paler below" the rays, another encompassing the whole of 
lateral line, while the third is in line with top of pectoral. Beneath 
this, the sides are blotched with light and dark yellowish-bronze. 
Ventral surface dirty yellowish-white. Whole of head similar to 
body-colour, but without bands. All fins bright greenish-yellow, 
streaked or blotched with thin blackish. 

Described and figured from a specimen which is 515 mm. long, 
from the tip of snout to the hypural joint. The head is 147 mm. 
Eye, 29 mm. Caudal peduncle, 36 mm. 

Locality and distribution: Mayor Island, in the Bay of Plenty, 
Auckland Provincial District. Taken on hand line by Mr. Shirley 
in December 1927. 
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This fish does not appear to be so plentiful in our warmer 
northern waters as it is in the south of New Zealand. Waite men- 
tions that it was but once taken in the trawl of the “ Nora Niven/' 
a single specimen being obtained cast of Lyttelton in 44-46 fathoms, 
while another example was caught at the Chatham Islands on a long 
line.* 

Hutton, in his notes on the edible fishes of New Zealand, 
referred to at the head of this description, gives a very full account. 
He states that this species is very local in its habits, the areas which 
they frequent being very limited. It is found in one or two spots 
on the west coast of Otago, while the Kaikoura Peninsula appears 
to be a favourite haunt, about three miles off Point Keene ; but that 
they may be taken off almost every point in the peninsula where the 
water exceeds sixteen fathoms. 

I have seen this fine fish taken on the hand-line at Castle Point 
on the cast coast, not a great distance from Wellington. It is 
probably much more plentiful in Tasmanian seas, to which it was 
supi)osed to bo peculiar. It is also recorded from the banks near 
the Victorian coast, from whence supplies are taken to the Melbourne 
market. McCulloch states that it is said to occur in the southern 
waters of New South Wales, but is not i-eliably recorded. 

Family Soombridvi:. 

Genus Scombkr Linn. 

Scomber australasicus, ilackerel. (Pig. 7). 

Scomber scombus, Sulander in Linne, Sysl. Nat. 10th Ed.. 1758, 
p. 297. 

Scomber austrahusicus. Id Cuvier & Valenciennes. Hist. Nat. 
Poiss. 8, 1831, p. 49. Id Hutton, (Uit. Fish. N. Zealand, p. 
21, pi. 5, Fig. 32. 

Scomber colias Stead. Ed. Fish. N.S. WaUs, 1908, p. 94, pi. 63. 
I<1 McCulloch Check list. Fish. N.S. Wales, pt. 3, 1922, p. 
104, pi. 33, Fig. 286a. 

Br. 6; D.xi/I/XT/5; A.i/I/XI/5; V.i/V: P.XXIl; C.XVI ^/o. 
Line lat, Ca 160; L.tr. Ca 20 above, 33 below. 

Height of body, 4.5| ; head, 4.1^ in the length to hypural joint. 
Eye 4.10 in the head or nearly l| in snout, and subequal with 
the interorbital space. Caudal peduncle width, 6 in the head. 
Adipose eye-lid 0.7 in head, or 2.4 in the snout. Body rather 
elongate, rounded, the dorsal and ventral profiles evenly curved, 
covered with small cycloid scales. A few scales arc found on lower 
margin of cheeks, and on upper half of operculum, but the rest 
of head is sealeless. 

Interorbital space almost flat. Preorbital extends as far as 
centre of eye, and maxillary as far as anterior border of orbit; it 
can be completely hidden beneath preorbital. Eye large, completely 
covered with thick transparent skin, which extends as far as posterior 
margin of cheek. Snout pointed. A single nostril situated about 
midway between anterior margin of orbit tip of snout. Lower jaw 


♦Waite, Rec. Cant. Afiis., vol. 1, No. 3, p. 219. 
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slightly the longer. Minute teeth in a single series in both jaws. 
Very minute teeth present on vomer and palatine bones, tongue 
smooth. Gills, 4; gill-rakers long, 27 ou the lower halt* of the 
anterior limb. Pseudobranchiae well developed. First dorsal fin 
in a shallow groove, its origin slightly posterior to middle of 
pectoral, second spine longest, equal to distance from posterior 
margin of operculum to centre of eye, and subequal with base of 
dorsal rays. I^eeond dorsal separated from first by interspace equal 
to three of the eye, its origin the vertical of vent. The fin is low, 
only half the height of longest spine, and followed by five spurious 
finlets. Origin of the anal is the vertical of third dorsal ray. It is 
similar to the second dorsal in every way, with five spurious finlets 
behind originating in vertical of dorsal finlets. Ventrals thoracic, 
their origin below first quarter of pectoral. Caudal forked, lobes 
subcqual, with two low keels at base of procurrcnt rays. 

Colour: Above lateral line bright bluish-green silver with darker 
oblique bars, most of which form a chevron pattern, except above 
pectoral where they are more rounded. Below lateral line, bright 
silver with a golden hue, covered with numerous irregulai’ly-fonned 
diffused spots and bars. First dorsal clear greenish-blue, second 
dorsal dusky greenish-blue, finlets somewhat darker. Anal fin, 
finlets, and ventrals white. Pectoral, thin bluish at base and on 
outer margin, lighter in the middle, (^audal same as second dorsal. 
Top of head, deep blue with darker bars. Preorbital, lower jaw, 
lower half of operculum and preoperculum bright silver with a golden 
hue; there is also a dark blue patch on upper posterior margin of 
operculum. Maxillary, dark brown. 

Described and figured from a specimen which is 343 mm. long, 
from symphysis of the lower jaw to hypural joint. The head is 
80 mm. long, eye 21 mm., greatest depth 70 mm. 

Locality and Distribution: Auckland Harbour, December, 1927. 
Said to be very common in deep water beyond the Ilauraki Gulf, 
moving along the coast in large shoals. Also common in Australian 
seas. Average length 14-15 inches. 

Family Gobiesocidae (Cling-Fishes). 

Genus diplocrepis. 

Key to thi: Nkw ZrvnAXi) Sphiks. 

a. Anal fin small, composed of 4 rays only. Snout pointed, interorbital 
space equal to diameter of the eye. Anus close to posterior margin 
of disk puniceus. 

aa. Anal fin larger, composed of 7 rays. Snout broad, interorbital space 
equal to nearly 3 of the eye. Anus far behind the disk tumidiis n. sp. 

Diplocrepis puniceus {Lepidogaster) Ttichardson. Ichfh Erebus 
and Terror. Fish, p. 71, pi. 43 ; Pigs. 1-7. 

Diplocrepis puniceus Guenther. B.M. Cat. Fish, 3 ; 1861, p. 506. 
Id. Hutton Cat. Fish N. Zeal., 1872, p. 40. 

(Pig. 8). 

D.X., A.IV., V.I/IV., P.XXIII., C.XI. Gills 3, gill-rakers 
minute, 5 on lower half of the anterior limb. Gill memWane united 
under throat, free from isthmus. Pseudobranehiae rudimentary. 
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Height of body nearly 4 in length to hypnral joint, head 2.5 
or rather more in same. Eye 6 in the head or 1 in snout, and 
subequal with interorbital space. Breadth of head 1.9^ in the 
height of body. 

Body moderately broad anteriorly and depresvsed, covered with 
tough skin, dorsal profile with a long even curve from tip of snout 
to caudal. Upper surface of head and nape convex. Snout convex 
mesially. Two nostrils in low tubes, close together, opposite angle 
of orbit, anterior one provided with a very short tentacle on posterior 
margin. Bye rather large, slightly cutting profile. Mouth horizontal, 
narrow, angle reaching back a little l)eyond anterior border of eye. 
Lips not greatly thickened, lateral portion of lower lip hanging down- 
wards. Upper jaw with ten-eleven, lower with eight or nine small 
incisors, lateral teeth being conical. A band of minute cardiform 
teeth present behind outer series in both jaws. Operculum with a 
deep excavation on posterior border, and an acute spine at angle. 
Origin of dorsal fin a little posterior to vertical from vent. Anal 
fin small with origin below eight-ninth rays of dorsal. Caudal of 
moderate length, rounded. Pectoral broad, rounded on posterior 
margin ; there is a thick fold on the lower part of base which ascends 
lieyond middle of fin. The adhesive apparatus is broad, posterior 
portion of disk overlapping sides of fish. In several individuals 
examined, I find* some variation in both the adult and young forms 
in the pattern of the disk; the drawing of this intricate organ is 
from a typical example. 

Colour: Beautiful uniform rose-red with darker red dots and 
marblings on sides, forming rather broad bands over the dorsal. 
All fins similar to body-colour, ]>ut in some specimens, I have seen 
all the fins heavily tipped with dark purple-brown. 

Described and figured from a fine s])ecimen which is 66 mm. 
long from tij) of snout to hyj)iiral joint. The head is 26 mm. long, 
its greatest breadth, 29 mm. 

Locality: Ponui Island, Auckland Harbour, common. 


Diplocrepis tumidus, n. sp. (Fig. 9). 

Br. 4; D.VIIL, A.VII., V.i/IV., P.XXII., C.XII 2/2. 

Gills 3, glll-rakers 3, very short and broad on the lower half 
of the anterior limb. Gill-membrane united under throat, free from 
isthmus. Pseudobranehiae rudimentary. 

Greatest height of body 4, head 2.7 in the length to the hypural 
joint. Bye 7 in the head, and nearly 3 in interorbital space. Breadth 
of head rather more than 2.4 in the length to the hypural. Body 
broad and depressed anteriorly, flattened on sides of caudal peduncle, 
covered with very tough skin. The dorsal profile rises steeply from 
tip of snout to above centre of pectoral, thence slopes gently to 
caudal. The ventral surface is moderately straight, vent situated a 
little beyond middle distance from posterior margin of disk to 
anterior ray of anal, A small genital papilla behind the anus well 
exposed. Head depressed, not quite so broad as long. Top of snout 
broad, very little convex. Eye near profile, but not cutting it. 
Two nostrils on snout, posterior above centre of eye about a quarter 
of eye's breadth away from orbit, anterior nostril close to and in 
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front of former, tube short, with club-shaped tentacle on posterior 
margin, length of tentacle subequal to posterior nasal tube. Mouth 
oblique, large, obtuse, jaws subequal. Lips tumid, narrowed at 
symphysis, expanded laterally, those on upper jaw directed upwards, 
those of lower jaw downwards. Angle of jaw extends back to a 
little beyond centre of eye, while maxillary reaches vertical from 
centre of orbit. In upper jaw there is an outer series of small 
uneven recurved canines, about seventeen in front, fewer and smaller 
canines are found in lower jaw, while there is a broad band of small 
cardiform teeth behind outer series in both jaws, crowded in front 
narrowing on sides. Posterior margin of opercular apparatus fleshy, 
overlapping base of pectoral. A small spine entirely hidden in skin 
at lower angle of cheek. 

The dorsal fin originates a little distance behind vertical from 
vent, ending near procurrent caudal rays. The anal origin is below 
third ray of dorsal to which it is similar. Pectoral broad, rounded, 
reaching backward as far as posterior margin of disk ; it is connected 
to ventral by a thin membrane. Anterior portion of adhesive disk, 
between ventrals is broader than long. Posterior portion forms a 
complete disk by itself, is as broad as long, not counting marginal 
fringe. The latter is composed of very delicate cutaneous membrane, 
while the hardened epidermis within both portions of disk forms a 
beautiful mosiac of various-sized polyogonal plates. • Similar lamellae 
cover under surface of ventral fins. 

Colour: By comparison with “Ridgway’s colour standards,” 1 
find the general ground-colour of this handsome little fish a uniform 
pansy-purple No. 16, pi. 12, in the work quoted. The darker 
stripes very distinct blackish-purple No. 8 of the same plate. 
Ventrals white, all other fins the same colour as ground-colour of 
body. 

Described and figured from the holotype which is 77 mm. long 
from tip of the snout to hypural joint, length of head is 31 mm. 

Identity amd variation: At first sight it looked as if this fish 
would turn out to be identical with D. costatus, an Australian species 
described by Ogilby in the Pro. lAwn. Soc. N.8. Wales, vol. 10, 1885, 
p. 270; but the fact that in Ogilby ’s fish, the snout is pointed and 
the eye equal to the interorbital, definitely determines it not to be 
this species. Altogether I have 8 examples ranging from 45 mm. to 
80 mm. in length, and on comparing the holotype with the para- 
types, I find some variation in colour only. In some, the stripes are 
not nearly so distinct or broad, especially is this the case with the 
smallest specimen, while there is one of 58 mm. in length which W 
a very light-coloured lateral stripe on either side, commencing behind 
the eye, passing over the upper portion of the operculum, then 
behind the top margin of the pectoral, gradually ascending towards 
the dorsal fin, where it ends abruptly below the last ray. The 
stripe is considerably lighter than the ground-colour of the fish, 
almost as broad as the eye as far as the posterior margin of the 
pectoral, from thence getting much finer towards the caudal. 

Locality: Ponui Island, Auckland Harbour. Obtained in rock- 
pools, fairly common. Holotype and paratypes in the Auckland 
Museum. 
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Family Antennaridae. 

Genus Antennarius Cuvier, Reg. Anim. 1st. ed., 
ii, 1817, p. 310 (chironectes) . 

Antennarius striatus, Striped Angler. (Fig. 10). 

Lophius striatus Shaw, Nat. Miscel. 5, 1794, pi. 175. 

Antennarius pinniceps Cuv et Val. Guenther. Brit. Mus. Cat. 
Fish. 3, 1861, p. 190. 

Antennarius striatus Guenther. Fisch Sudsee 5, 1876, p. 162, 
pi. 99. 

Antennarius striatus McCulloch, Check List, Fish and Fish-like 
Anim., N.S. Wales, pt. 3, 1922, p. 123, pi. 12, Fig. 357a. 

D.iii/XII., A.vii., P.X., V.v., C.ix. 

Height 2,14, head, 3.39 in the length to the hypural joint. Eye, 
7 in the head or 3 in the snout. Head, with swollen cheeks and a 
deep depression below the eye. A deep pit on the occiput, perfectly 
smooth inside, receives the distal ends of the two anterior dorsal 
spines. Tip of snout produced into a bulb-like depressable process, 
first and second dorsal spines being attached to this. 

Mouth subvertieal, maxillary the same. Lower jaw slightly 
longer than upper. Cardiform teeth in both jaws in a single series. 
Cardiform teetli also present on palatine bones and tongue. Nostrils 
small, subequal, lateral, placed close together, anterior almost on 
margin of premaxillary, both surrounded with a moderately high 
transparent rim. Gill-opening reduced to a small foramen situated 
behind pectoral, rather nearer angle than end of fin. Gills 4, no 
cleft behind the fourth. One half only of anterior arcus branchialis 
provided with lamellae, and no gill-rakers present on this limb. 
Pseudobranchiae none. 

Body robust anteriorly, compressed towards caudal, covered with 
rough skin containing numerous minute trifid spines which form into 
clusters on maxillary, front of lower jaw, above eye, and extending 
over body in the form of a lateral line ending above the centre of 
anal fin. A few longer cutaneous branched fillaments depend from 
margin and centre of lower jaw. Stomach wide ; pyloric appendages 
none ; air-bladder present. 

Anterior dorsal spine slightly longer than the second, very 
delicate, terminating in three lanceolate flaps with minute doxibl}^ 
crenulatcd margins. Second and third spines of dorsal furnished 
with clusters of minute spinules at tips. All spines in fourth dorsal 
are subequal, reaching base of caudal when laid back. 

Anal origin below sixth spine of the fourth dorsal, very similar 
to the latter in form and structure. 

Pectoral long, arm-like, owing to the protraction of carpal bones. 
Ventral jugular short, extremity being similar to pectoral. 

Colour: Light greyish-brown irregularly streaked with dark- 
brown bars of various shapes and sizes. Numerous streaks of dark- 
brown radiate over sides of head from eye. A series of oblong and 
rounded spots on cheeks, ventrals, and pectorals, also on under- 
surface. 
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Identity and variation: This fish agrees very well with the 
description of A. pinnkeps quoted at the head of this paper, and 
which McCulloch regards as merely a colour-variation of A. striatns. 
The genus, according to Guenther, is subject to very great variation, 
scarcely two specimens of a kind being found exactly alike, conse- 
quently there is not another genus of fishes which offers so much 
difficulty in the determination of the various species. 

Described and figured from a specimen 83 mm. long from tip of 
snout to hyjmral joint. 

Locality and distribution: The specimen here described, when 
first seen was hiding in a bunch of seaweed, at Opua, Bay of Islands, 
Auckland Provincial District. It was later captured in a net by 
Mr. 0. (’ross to whom 1 am indebted for s<mdiu^ the fish to the 
museum, this being the first time the genus has been recognized from 
our waters. It is also recorded from New South Wales, the He de 
France, and the Indian Ocean. Guenther states that most of the 
species of this genus appear to be inhabitants of tropical seas, 
living on floating seaweed, and enabled by filling the spacious 
stomach with air to sustain themselves on the surface of the water. 
Thej ai’c therefore found m the ojicn sea. as well as near the coasts, 
and being poor swimmers arc driven with the currents into which 
they happen to drift. Thus it is a natural consequence that at least 
some of the species should have a very wide geographical range. 
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Radium Emanation and Goitre. 

By B. B. D. MUiLiGAN and N. M. Boqers. 

[Read before the Canterbury Philosophical Institute, 2nd November, 1927; 
received by Editor, 18th April, 1928; issued separately, 

30ih August, 1928.} 

In 1925 Bogers (1) estimated the amount of Badium emanation in 
several drinking-waters of this district, with a view to determining if 
any correlation exists between the percentage incidence of goitre and 
the amount of emanation in the water of the localities under obser- 
vation. 

With the exception of Timaru a fair correlation was established, 
but definite conclusions could not be drawn. Many workers in 
different parts of the world have sought for a i)Ositive causative agent 
of goitre; for example, JMcCarrison is convinced that toxins produced 
in the intestinal tract by bacterial action ])lay a definite role. 

A\ the ]iresent time, however, a deficient intake of iodine and a 
resultant deficiency of the thyroid lionnonc (an iodine-containing 
comi)ound) is the only cause established b(‘yond doubt. 

That a positive ag(nt might tip the balance and transform a low 
intake into a pathological deficiency in the organs and tissues where it 
is required is plausible enough. Such agent might be the intestinal 
bacteria of Mef^arrison, or an unusual salt balance in the dietary 
producing excessive excretion either of the iodine or of the thyroid- 
iodine compounds. Again, Biuiium emanation which abounds in the 
artesian waters of this district, might by irritation of the thyroid 
render it unable to manufacture sufficient of the necessary compounds 
for the efficient working of the body. 

In 1926 Milligan- (2) reported that the administration of large 
amounts of emanation once a week to rabbits for the space of three 
months failed to produce any sign of thyroid disturbances as tested 
by microscopic sections of the gland. In his experiments the emana- 
tion Avas in some rabbits given by mouth and in others by injection 
into an ear vein. 

Some of the observations now reported offer a criticism of the 
technique used in the rabbit experiments, although our conclusions 
agree that emanation does not appear to be a causative agent cither 
for rabbits or for trout. 

Trout were chosen for the present experiment because they are 
liable to contract a typical hyperplastic goitre and because they can 
be kept in a solution containing emanation for the whole period of the 
experiment. 

In the grounds of North Canterbury Acclimitisation Society at 
Christchurch approximately one per cent, of the trout in their third 
year of life suffer from this goitre or so-called *^gill cancer.’’ Mr. 
Hope, the Curator, who has had a very long experience, states that he 
has never seen this condition in trout living in natural conditions. 

Marine and Lenhart (3) in 1910 reported that the so-called “gill 
cancer”’ in the brook-trout of Pennyslvania {Salvclinus foniin(flis) 
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was curable by the administration of iodine, and was not a true cancer 
of the thyroid but an epithelial overgrowth of the gland with none of 
the characteristic features of malignancy. 

In Christchurch, the trout that have this condition are markedly 
undersized, thin, and sluggish in movements, but curiously, the 
goitrous brook-trout observed by Marine and Lenhart are stated to be 
larger than usual, and though excessively fat are ‘^weak and lumber- 
some. ^ ^ 

In Christchurch, as in Pcnnyslvania, the affected fish n»ay live 
for a considerable time after the swelling has become prominent. 

Marine and Lenhart speak of cases of spontaneous cure of goitre 
in brook-trout, but this docs not appear to occur in the Christchurch 
ponds, at least after the goitre has become externally obvious. 

The difference in behaviour of the goitrous fish is possibly 
accounted for by the fact that all the trout goitres seen here arc 
hyperplastic and contain very little stainable colloid, whereas the 
illustrations given by Marine and Lenhart (3) show far more colloid 
than our specimens, and presumably they are typical sections. 

Iodine Content. 

Marine and Lenhart give no analysis of the glands. 

The analyses of fish thryoids (nomnal) known to us, are given by 
Cameron in The Biochemical Journal, vol. 7, 1913. 

The iodine in different species and genera of sefi-fish is there 
stated to range from 0.2 gms. per cent, of dry gland to 1.10 gms. per 
cent. Eight of our own trout goitres, with an a\erage dry w(‘ 4 'l r of 
1.4 gms. contained on the average 0.003 gms. per cent It is not(‘- 
worthy that this amount of iodine is much less than we have found in 
human goitres (0.01 to 0.10 gm.%) and in normal human thyroids 
(0.04 to 0.05). 

The iodine-content of even such a small number of trout goitres 
is probably typical. 

In the absence of figures for normal trout thyroids our assump- 
tion may not be correct that the trout goitres contain approximately 
the same total amount of iodine as the normal thyroid, although this 
is true for human thyroids. Making these assumptions, however, rain- 
bow trout would store about 0.040 mgms. of iodine per kilo as 
against 0.15 mgms. per kilo for man, i.e. approximately onc-foui1h of 
the latter. 

Comparisons of this sort which lead to physiological considera- 
tions such as the relationship of thyroid-iodine to metabolic activity 
are well worth making, and it is to be regretted that our own data and 
other available records are so scanty and possibly, misleading. 

Observations on Rainbow Trout. 

These were begun on 27th October, 1926, at the local hatchery, 
indoors, using twenty-four one year old rainbow-trout. The hatching 
races permitted the same conditions to the controls and to the experi 
mental fish. The entering water was well aerated by spraying, and 
the lower part of the race was ensured of aeration by means of a 
waterfall between the two sections. 
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A dozen trout of suitable age, i.e. two years old, were put in each 
of two parallel races. The rate of flow was 80 gallons per hour 
through troughs one foot wide and six inches deep. The fish were fed 
by the Curator on raw beef liver and lung — ^the usual diet. 

Although this question of a suitable dietary is of importance (for 
example a deficient supply of vitamines might be involved or an 
unusual salt balance) our attention was solely directed to investigat- 
ing the effect of emanation on the trout. 

Approximately 20 millicuries of emanation were added each day 
to the water at the top of the race by dissolving the emanatimi in a 
large vessel of water from which a tube delivered the dissolved 
<‘inanation drop by drop directly into the race without contact with 
the air. Care was taken to reduce loss of emanation to a minimum but 
as the tube delivered the emanation during the whole of the time the 
<iuantity added fell off towards the end of the period, partly through 
decay and partly through loss into the air of the vessel. 

This method of giving the emanation was followed in all the 
experiments with trout. 

While emanation was freshly added each day as a rule, on Sun- 
days this was not done. 

Even over the week-<‘nds, however, emanation w'as being delivered 
from the vessel. 

The trout were all rainbow-trout, as these, according to the 
Curator, arc more liable to goitre than the brown trout. WTiether this 
is duo to the fact that brown trout stay closer to the bottom than the 
rainbow and so get some dietary constituent that the surface fish do 
not get, or whether the reason depends on the genetic constitution ot 
the fish, we have no means of deciding. 

No goitre appeared, but several deaths occurred, due to the trout 
1) nig veiy restless and biting at each other’s tails. 

The tail-fins in some instances entirely disappeared and because 
of this at thi‘ end of two months only twelve of the original trout 
remained. 

Whenever a death occurred another fish ^vas added to the race. 

Tail-biting was as prevalent in the control race as in the one to 
A\hich emanation was being added. 

The water of the two races was tested for emanation on several 
occasions. 

The following figures are typical : — 

30th October, 1926 120 x 10-^- me. 

11th November, 1926 126x10-^- me. 

Control tests of the water in the other races showed a quantity of 
1.5 X 10-^^ so that the test trout were getting about eighty times as 
much as the controls. 

On 3rd December, 1926, because of the tail-biting, the trout were 
removed to an outside race which appeared to be jiarticularly suitable. 
This race was flask-shaped. In the bulbed end, which was really a 
bole formed in the earth and shingle by the artesian infloAV, and which 
was without flooring, about twenty trout had been kept for some 
years. In one of these a fish of about three pounds weight had u large 
goitre. 
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The neck of the flask was the part where we placed the trout 
which were to get the emanation. This was a wooden race 35 feet by 
3 feet, and the water was 10 inches deep. The inflow was 30 litres per 
minute from the artesian bore. Between the neck and the bulb a 
grating was placed and the vessel discharging the emanation was 
was placed here. 

The number of trout receiving the emanation was made up to 
thirty. 

From this time on, no tail-biting occurred and no deaths. 

They were fed exactly as before and thrived well. 

On 19th March, 1927, a sample of water from the middle of thv* 
race gave 50 x 10-^^ me. per cc. 

From time to time other tests were made, and they never showed 
quantities less than this. 

On llth/5/27 the trout were all removed and carefully examined 
No trace of goitre was obsen^ed. The Curator remarked that they 
were as healthy a lot as he had ever seen. 

We decided to terminate the experiment, believing that we had 
given sufficient time — six and a half months — for the development of 
goitre if radium emanation were a potent cause'. 

We were also of the opinion that the number of trout us(‘d was 
sufficient and that a large number would only have confused the issue 
by introducing such factors as over-crowding, faecal contamination, 
shortage of food, and so on. 

It seems clear that when such large amounts ol* ('inanation pr^' 
duced no visible effect in this time, the change of tlie small amounts 
occurring normally bang a casual factor appears to be negligible. 

A sideline on this experiment is that in a se])arat(* rac(* we placed 
three trout suffering from goitre, and add('d crystals ol Potassum 
Iodide, at frequent intervals. 

After three months, however, all three were dead, the goitres 
apparently being as big as ever. 

Diffusion of Emanation. 

In Milligan^s previous experiments emanation was givon by the 
ear-vein route. It is desirable to know how much of the emanation is 
retained. To avoid loss of emanation a rab1)it wiis anaesthetized with 
]>araldehyde and placed in a large jar whose mouth was covered wdth 
a rubber sheet which was pierced 1)y a hole through which the car 
could be drawn. 

The injection was made into an ear-vein and the jar immediately 
closed so that no escape of emanation could occur, either during the 
inje<;tian or aftei’wards. 

The rabbit was kept in the vessel for minutes and a sample of 
the air was then taken in a gas sampler. 

Com]iression of a rubber bulb maintained a constant circulation 
of air through the sampler and ensured the accuracy of the sample. 

At 2i minutes the sample w^as taken and the rabbit removed from 
the vessel. The vessel was filled with water and emptied several 
times. 
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At the end of of the next 2^ minutes the rabbit was returned to 
the vessel and after a further 2^ minutes a second sample was ob- 
tained. This was repeated several times. 

Results of first 2i-minutes — the gold leaf fell 1/10.5 divs. pee cc. 
l)er second. 

Second 2^ minutes — gold leaf fell 1/276 divs. per cc. per 
second. 

Third 2^~minutcs — gold leaf fell l/'720 divs per ec. ])er second. 

Fourth 2\ minutes — gold leaf fell 1/1800 divs. per cc. per 
second. 

Fifth 2^~mimitcs — gold leaf fell 1/4800 divs. per cc. per second. 

It was calculated that approximately 95% of the emanation in- 
jected had been recovered in the first five minutes, and it was felt 
that the amount actually expired was even greater than this. The 
fact that the rabbit re-breathed some of the expired emanation 
and that in addition some emanation would be dissolved in the water 
held in the fur would tend to make the apparent excretion less that 
would be the case if the animal were in the open air. 

Th(* graph summarizes these facts. 



These analyses are of interest as we have been unable to find any 
similar tests in the literature available. 

Medical uses of radium emanation, both by injection and by the 
mouth-route, are fairly common, yet it does not appear to be recog- 
nized that any introduction of emanation into the venous side of the 
circulation must be almost without eifect on the arterial side, or that 
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only a small fraction of the total eifect will be produced, since the 
emanation is very rapidly given off at the lung-surface. 

By a mouth-route, however, the liver would receive more, al- 
though the emanation will still go on by the blood and lymphatic 
streams to the lungs. This may have been a factor in the production 
of the fatty liver mentioned by Milligan as occurring in one of his 
experimental animals. 

The volume of 20 me. of emanation is only 0.012 cmm. This 
minute quantity should diffuse through the pulmonary epithelium in 
about 0.00008 seconds if it diffuses in a manner proportional to car- 
bon dioxide, i.e., supposing there is no injurious effect on the living 
membrane. 

It is obvious therefore that, with the evacuation of alveolar con- 
tents occurring with each expiration, only minute quantities of 
emanation can be expected to cross to the arterial side, t'onscquently 
it would be unreasonable to expect effects on the thyroid gland of 
animals from emanation taken in with food or water. Inhalation in 
a closed chamber is the most effective way of studying the effects of 
emanation on the thyroid gland. 

The cxccedingl}" delicate method of the electroscope, however, 
discloses that an appreciable quantity can pass through to the arterial 
side since in one test, thirty minutes after giving 20 me. of emanation 
to a rabbit by car-vein, the urine gave a fairly ra])id fall of the gold 
leaf, although this indicated only an exceedingly small fraction of 
the total quantity injected. 

While those obseiwations offer a criticism of the venous route in 
mammals, the experiments on trout were free from this difficulty. 

Not only did the trout inevitably take the emanation into their 
branchial arteries at the same time as the other gases but in addition 
the water containing the dissolved emanation was always close to the 
exterior of the gland as it flowed over the floor of the mouth. 

Our thanks are due to the Curator, Mr. Hope, for placing facili- 
ties at our disposal. 
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The Soil and Pasture in Relation to Pining and 
Bush Sickness in Sheep. 

By R. E. R. Grjmmett and Beatrice W. Simpson, 

(from Department of Agriculture, New Zealand, and the Rowett 
Research Institute, Aberdeen.) 

(Communicated by B. C. Aston.) 

The account given by McGowan (1) of ‘‘pining’^ in sheep, a disease 
which occurs in certain areas particularly in the south of Scotland, 
shows that there are many points of similarity, both in the symptoms 
and in the general environmental conditions under which this 
disease is developed, with the disease of ‘‘bush sickness’’ as it occurs 
in New Zealand. The prediction was thus made by Aston (1924) 
that these two diseases may be of a similar nature (2). 

As a result of a six montlis’ transfer of one of us (R. E. R. 
Grimmett) from New Zealand to the Rowett Institute in 1927, under 
a grant from the Empire Marketing Board, an opportunity arose 
for the application of his experience of the soil and pasture condi- 
tions of “bush sickness” areas in New Zealand to a study of the 
related aspects of “pining” in Scotland, lie accordingly spent 
some days in examining the field conditions in a “pining” area, and 
was fortunate in seeing “pining” sheep, some of which were 
recovering under treatment by administration of iron ammonium 
citrate. Samples of pasture were collected, with special precautions 
to avoid contamination by soil, and a large quantity of soil was 
obtained from one of the best known and most typical porphj’rite 
“pining” lulls. This was transferred to Aberdeen for use in pot 
experiments. 

It has been shown by Aston (2) that the onset of “bush sick- 
ness” in sheep and cattle is due to the stock grazing upon pasture 
wliich has an abnormally low iron-content, although apparently not 
deficient in other respects and noted for its fattening qualities. The 
extreme anaemia which results may be cured by administering suit- 
able iron compounds, such as iron ammonium citrate, or by removal 
of the stock to pastures rich in iron. The animals can then be 
returned to tlie former grazing and will thrive for a considerable 
period, before needing to be changed again. 

AVork by Aston and one of us (R. E. R. Grimmett) (2 and 3) 
has shown that “ bush sickness’' and iron-deficiency in New Zca 
land pastures are apparently to be associated wdth certain definite 
phj^siographic and soil-conditions, such as, a sandy soil with less 
than 5% of clay, resting on a pervious sub-stratum elevated con- 
siderably above the permanent water-table in a region, usually of 
fairly extensive level or undulating hill top, where the annual rain- 
Jall is high. Under such conditions, favourable to soil-aeration and 
leaching, the total amount of soluble iron in the soil at any one time is 
small, and it is only the pasture growing on the lower seepage areas 
which is rich in iron. The soil of the Patetere Plateau in the Roto- 
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rua District, a typical “bush sickness” area, is derived from rhyo- 
lite pumice, resting on a porous rhyolite tuff. Typical pasture and 
soil analysis from this area have been recorded by Aston (2;. ((Ji. 
Table 4). 

In tliis connection it may be noted that McGowan (loc. cit.) in 
his description of typical “pining” country in Scotland, written at 
a time when he was unaware of the work on ‘ ‘ bush sickness, ' ’ might 
have been outlining many of the features of typical “bush-sick” 
country in Now Zealand. Thus he states that waterhead farms arc 
generally free from “pining,” and, on the other hand, where only 
a small amount of green inllowland is present about stream sides, or 
an arrangement of the fencing prevents sheep grazing on this herb- 
age, such conditions favour the disease. Further (unpublished per- 
sonal communication), he had observed the anaemia and on the basis 
of other work had made arrangements for the administration of ii’ou 
to the effected sheep. These tests fell through for the time being, 
but subsequently further opportunity arose (in the summer of 1927) 
and the shepherd in charge reported a beneficial result from the 
administration of iron ammonium citrate. 

Following on the observations of McGowan on “inning” an 
investigation, the details of which have not as yet been published, 
has been progress at the Rowett Institute into the relative mineral- 
contents of pasture from “pining” and “non-pining” areas, and m 
general the results show that the iron content is lower in the ‘‘pin- 
ing” than in the “non pining” herbage. Ceiiain results also 
suggest some ditfereiKic in the manganese content. In this connec- 
tion, in sampling pasture in “pining” and in “non-pining” land it 
must be noted that the herbage of a “non-pining” area is not 
necessarily all “non-pining.” The preventive condition may be due 
to the stock grazing for a portion of the time upon herbage growing 
on seepage areas or banks of streams in the main grazing, such 
herbage being relatively rich in iron. Such areas, being small, are 
liable to be overlooked in sampling, and thus faulty conclusions maj^ 
be drawn from the analytical results. These areas should be sampled 
separatelj’’, in addition to taking samples from the main grazing, and 
any difference in composition should be borne in mind when con- 
sidering differences between “pining” and “non-pining” pastures 
from the same locality. 

When sampling pastures for iron and manganese analyses, 
special care must be taken to see that the herbage collected is free 
from soil or other contamination likely to affect the iron and manga- 
nese figures. 

Strong evidence has been advanced by Dickenson (4) that King 
sand “coasty disease” is of the same nature as “bush sickness” and 
on that island the affected soil is largely composed of shell grit with 
up to 50% of calcium carbonate in the soil. This is of interest as it 
has been found that the application of lime to “bush sickness” 
pastures does not improve the pasture and materially increase-^ the 
severity of the disease, presumably owing to the depressing action 
of the lime upon the solubility of the iron salts. (Of. Gile (5) and 
Johnson (6).) 



Grimmett-Simpson. — Bush Sickness in Sheep. 397 

Present Investigation. 

The work outlined briefly below, while admittedly preliminary 
in character owing to the short space of time available, has brought 
out one or two points of interest. It has followed two main lines, 
namely (1) a series of pot experiments (2) a study of certain soils 
and pastures from “pining’’ and non-pining” areas and a compari- 
son with cultivated pasture. 

Pot Experiments . — This series of experiments, which formed 
the main line of work, was designed to test the effect of various 
chemicals when applied to the soil or culture medium, on the iron 
and manganese content of the crops. The main points tested were 
the effect of (a) lack of drainage (b) the application of organic 
matter (c) the application of iron in various combinations (d) the 
application of sulphur either in the free state or as ferrous sulphate 
(e) the application of lime, on the composition of the crops. These 
factors were chosen in view of the results obtained in the “bush 
sickness” investigation. 

Five series of pots were set up: in three ol which .^and was the 
medium, in the fourth “pining” soil, and in the fifth arable soil was 
used. The sand was of granite origin from an Aberdeen pit. The 
nature of the “pining” soil will be referred to later. The arable 
soil was from a field in the Institute farm. Ordinary 11" flower 
]K)ts were used and these were well coated on the inside with high 
melting point ])araffin wax prior to filling, in order to prevent any 
contamination from the pot. Where drainage was not wanted the 
holes at the base were stopped up with corks soaked in wax. The 
arrangeimuit of the pots in four of the scries is shown in Tables 1-3, 
where the analytical data for the crops are given. The results of 
the otlier series are omitted owing to lack of growth. This was the 
series Avhere of humus mixture was incorporated with the sand, 
some of th(‘ pots being drained and some uiidrained. The pots in 
the series where sand w^as used w’ere inoculated wdth tw’o ounces of 
“pining” soil. 

The exiieriment was started on August 14th, each ])ot being 
jilanted with 4 oat seedlings, 4 pairs of mustard seeds, 3 I’ed clover 
s(‘edlings and 3 cocksfoot seedlings, but only the oats and the 
mustard grew. The pots w^ere out in the open until September 12th, 
when owing to inclement W(‘athcr, they were taken into a room in 
the building. They w^ere watered from time to time, as required, 
wdth distilled water, all the drained pots being treated alike in this 
respect. Growth having ceased by’^ October 24th, the plants were 
cut i" above the soil level, the oats and mustard being kept separate. 
The crop from each pot was weighed green; again after drying at 
100®, and on the dry material, determinations w^ere made of total ash, 
iron, and manganese. For the methods of analysis, see paper by 
Godden and Grimmett (7). 

The analytical data for the different series are set out in Tables 
1, 2, and 3. 
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Table 1. 


Series ^ ^ A/ ^ Each pot contained 24 lbs. of sand on top of 1 lb. 
of granite chips. 




1 Subneries (a) drained 

1 Substirien (b) iindralned 


Treatment and Crop 

Crop 

Wgt. 

Dry. 

Gins. 

Pen*entaffeH on 

Dry Matter 

Crop 

Wgt. 

Dry. 

Gms. 

Percentages on 

Dry Matter 



Ash 

1 Fe. 

Mn. 

AmIi 

Fe 

Ifn. 

1. 

Control. Oats 

Mustard 

0.673 

0.604 

17 82 
20..30 

0.026 

0.028 

0.011 

0.011 

0.808 

0.187 

17.27 

19.86 

0.019 

0,027 

0.082 

0 033 

2. 

Ferric Oxide, 2 cwt. per 
acre. Oats 

Mustard ... 

0.729 

0.290 

18.62 

19.22 

0.019 

0.027 

0.009 

0.007 

0.709 

0.363 

17.37 

18.37 

0.020 

0.021 

0.072 

0.029 

3. 

Ferric Oxide, 2 cwt. and 
sulphur 1 cwt. per acre 
Oats 

Mustard ... 

0.001 

0.656 

21.63 

22.64 

0.017 

0.0.t2 

0.027 

0.022 

0.725 

0.066 

18.28 

18.07 

0.026 

0.067 

0.091 

0 069 

4. 

Ferrous Sulphate 1 cwt. 
per acre. Oats 

Mustard 

0.706 

0.252 

16.20 

18.92 

0,020 

1 0.026 

0.019 

0.010 

0.749 

0.350 

18.78 

18.34 

0.023 

0.038 

0.092 

0.032 

5. 

Ferrous Phosphate 1 cwt. 
per acre. Oats 

Mustard ... 

0.676 

0.418 

18.14 

21.57 

1 

1 0.021 

1 0.028 

0.012 

0.007 

0.628 

0.211 

18.15 

18.34 

i 

0.023 

0.032 

0.078 

0.034 

6. 

6 % of K * 'ball clay’ ’ and 

1 cwt. Ferrous sulphate 
per acre. Oats . . 

Mustard . . . 

0.483 

0.918 

15,86 1 
21.07 1 

1 

i 0.021) 

1 0.015 

0029 

0.007 


1 

1 

1 

1 



The sand contained 1.14% FcjOs and 0.019% MiijOs soluble in 
concentrated hydrochloric acid and only a trace of each soluble in 
citric acid. 


Table 2. 

Series Each pot contained 24 lbs. of ‘‘Pining^' soil* pn 

top of 1 lb. of “Pining^’ stones. The analytical data arc for the oats 
only. 



Crop Wgt. 

1 Percentages of Dry 

Matter. 


1 (Dry) 

Grams. 

Ash 

% 

1 Pe. 

I * 

Mn. 

% 

1. Control, undrained 

0.100 

13.84 

0.025 

0.280 

2. Control, drained 

3. Ferrous sulphate 

0.188 

• 15.97 

0.017 

0.181 

1 cwt. per acre 

4. Basic slag, 2} cwts. 

0.175 

16.02 

0.022 

0.169 

per acre - - - 
5. Ppd. Chalk, 5.2 tons 

0.390 

18.95 

0.018 

0.213 

per acre > - - 
6. Sulphur, 2i cwts. *1 

0.950 

20.11 

0.019 

0.051 

per acre - * * 

7, Superphosphate, 2J | 

0.191 

15.69 

0.020 

0.170 

cwt. per acre - j 

1 

0.372 

19.47 

0.021 

0.195 


*For analysis of this soil see Table. 
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Table 3. 

Series “E.” Each pot contained 24 lbs. arable soil* on top of 
11b. granite chips. 


PcrcratagOH on Dry Matter 



(Dry) 

Grams. 

1 Aah 

% 

I'O 1 

1 % 1 

Mn 

% 

1. Control — 





Oats - - - - 

0.224 

17.87 

0.020 

0.013 

Mustard - - • 

0.529 

20.00 

0.043 

0.006 

2. Ppd. Chalk 3.1 tons 





per acre — 





Oats ... - 

0.194 

16.93 

0.032 

0.007 

Mustard - - - 

0.764 1 

22.13 

0.038 

0.005 


A comparison of the results for the crops which grew show 
that, in most cases, the percentages of iron is higher in the mustard 
tlian in the oats, while the reverse is true for manganese. 

In the sand-cultures (Table 1) the various chemicals applied 
appear to have had but little effect during the relatively short time 
of growth, except that sulphur, either free or as sulphate, has 
slightly raised the percentage of manganese in the crop. 

Drainage conditions, during the relatively short period of 
growth, had no influence on the i>ercentagc of iron, but on the other 
hand had a marked effect on the manganese content oi the plant. 
Thus the manganese content of the oats from the uiidrained pots 
(Series A, Table 1) is on the average about six times that of the oatN 
from the drained pots. The difference in the mustard is slightly less. 
The water-logged and mildly reducing conditions appear to have 
had more effect on the manganese than on the iron, in rendering it 
available. This might be expected as the higher oxides of manga- 
nese are known to be more readily reduced than those of iron. 

It will be noted that the addition of 5% of clay in pot 6 of this 
series had no definite effect on either the iron or the manganese 
content of the crop 

The scries grown on the ‘‘pining’’ soil (Series D, Table 2) 
offers the most interesting comparisons. On this soil the mustard 
seedlings failed to grow, possibly owing to their higher require- 
ments of iron, and in the limed pot became markedly chlorotic prior 
to dying off. The iron content of the crop is throughout fairly 
uniform in all the pots. Again, however, the manganese is much 
higher in the oats grown in the undrained pot. The ap])lication of 
lime, on the other hand, has definitely depressed the percentage of 
manganese in the crop. Other manurial treatment appears to have 
been without effect in this direction. It should be noted that, while 
the percentage of iron in the crop from this series is approximately 
the same as that in the crop grown on sand, the percentage of 
manganese is more than ten times as high in the crop grovm on 
^‘pining” soil, as that grown on sand. This high manganese content 
was apparently reflected during the ashing of the crop, the material 
burning with almost explosive violence. 

•This soil gave: — Clay, 1.26%. Loss on ignition, 11.52%. Total, FeA 
3.05% MnA 0.11%, and had a lime requirement equal to 0.31% CaCo,. 
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The chief point in the case of the plants grown in the arable 
soil is the alteration in the iron-manganese ratio. Both the oats and 
the mustard grown on the arable soil have a higher percentage of 
iron than manganese, the reverse being true for the crops on the 
pining’^ soil. 

The percentages of iron and manganese in the sand, pining^' 
and arable soils, taken in conjunction with the percentages of these 
elements in the crop grown in these media suggest that the manga- 
nese is more easily taken up 1‘rom the soil by the plant than is iron. 

Soils and Pastures . — Samples of pasture from pining’' and 
‘‘non-pining” areas in the same locality were collected with all pre- 
cautions to avoid soil contamination, and the soil underlying the 
“pining” grazing was also sampled. A large sod was also cut out 
from the “pining” pasture. It was transferred to the Institute and 
divided into two portions. One half was planted in soil brought 
from the same area as the turf and the other half was planted in 
arable soil from the Institute farm. These cultures were made in 
w’ooden boxes. After removing the old growth they were left out in 
the open and from each turf two cuttings (the first on September 
17th, and the second on October 6th) of the new growth w('re taken 
when the grass was about 2"-3" high. The cuttings from each box 
WTre mixed and analysed. The results from the two samples were 
practically identical and it could hardly have been expected that 
the change in the underlying soil could produce any effect in so short 
a time. They serve, however, to show that the turf was uniform in 
character and these turves will be kept through the winter and 
during the next season will be cut regularly to imitate sheep- 
grazing and the material analyzed to determine whelhcT changing 
the subsoil has had any influence on the iron and manganese content 
of the herbage. 

The results of the mechanical and che‘mical analysis of the 
“pining” soil are given in Tabic 4 and for the purposes of compari- 
son similar data for two samples of soil from “Imsh sickness” areas 
in New Zealand (Cf. Aston loc. cit.) are quoted. 

Table 4. 

Analysis of “Pining'" and “Bush-sick" soils. 

Mechanical Analysis, 



“Pining’* Soli 

“ Bush 'Hick” Soil. 


% 

(S/181) 

(11/076) 



% 

% 

Pine Gravel - - - 

15.75 

1.3 

19.8 

Coarse Sand - - - 

16.74 

30.5 

38.8 

Pine Sand - - - - 

15.82 

27.4 

14.9 

Silt 

18.16 

18.6 

8.4 

Pine Silt .... 

11.40 

8.5 

5.3 

Clay 

1.10 

2.3 

0.8 

Moisture .... 

8.94 

1.6 

1.0 

Loss on Ignition - - 
Matter Soluble in 

11.16 

9.8 

9.1 

Dilute HCl. - - 

0.96 

— 

— 


100.03 

100.0 

98.1 

Stones and Gravel - 

31.3 

4.5 

13.6 
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Table 4 (Continued). 

Chemical Analysis. (On soil dried at 100®). 



“ Pining” Soil. 

1 ” Bnsh-slck” Soil. 

% 

(S/181) 

% 1 

(11/976) 

% 

Nitrogen - - - - 

0.45 

0.222 

0.255 

PA (Total) - - - 

0.14 

0.01 

0.03 

PjO, (Available) - - 

0.023 

0.004 

0.002 

K,0 (Total) - - - 1 

0.45 

0.07 

0.08 

KjO (Available) - - 

0.024 

0.015 

0.019 

CaO Total - - - - 

0.061 

0.44 

0.47 

MgO Total - - - - 

0.45 

I 

0.15 

0.20 

Fe,0, (Total) - - - 

2.60 i 

1 

— 

— 

Fe.Oj (Cit. Sol.) - - 

0.052 1 

0.103 

0.04 

MnA (Total) - - - 

0.19 ' 

1 

— 

— 

MnA (Cit. Sol.) - - 

0.043 

— 

- 

Lime Requirement - 

0.5291 CaCO, , 

1 

— 


The following additional figures from ‘‘bush-siek'’ soils are 
given for comparison.* 

Mn.O, (total) (L 1122) 0.439f 

MnA (total) (L 1123) 0.39^^ 

MnA (citric soluble) (Te Pu and Mamaku) 0.03 — 0.069^ 

FeA (total) (Te Pu and Mamaku) 1.00 — 1.39% 

Lime Requirement (K 446) ^ 0.37% CaCO, 

Lime Requirement (H 513) ' 0.38% CaCOj 

It will be seen that the Scottish ‘'pining^' soil and the New 
Zealand ' ‘bush-sick soils have a very similar mechanical composi- 
tion. They are sandy silts or of coarser texture, with a clay content 
of 2% or less. The “ pining soil is more amply supplied with 
available phosphate and potash, but has less lime, though more 
magnesia. The lime requirement of the “pining^' soil is high (5.2 
tons of ("‘aCo.^ per acre) and this is indicated by the nature of the 
flora, which consists mostly of fine-leaved fescue but no clover. The 
citric soluble iron in both types of soil is low, although the iron 
soluble in hydrochloric acid is higher in the “pining^' than in the 
“bush-sick” soil. 

Table 5 sihow^s the composition of the herbage from “pining” 
and “non pining” areas in the same locality and for comparison the 
figures arc given for the herbage from a cultivated field at the 
Institute sampled at about the same date. 

♦See Transactions New Zealand Institute, vol. 44, p. 298. NiW Zealand 
Journal of Agriculture, vol. 17, p. 259, vol. 28, p. 387. 
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Table 5. 

Pasture Samples. Percentages on Dry Matter. 





“ PtniBLg*’ Grass. 
Porphyrlte Hill 

% 

“Non-pining" Grass. 
Sandstone Hill.* 

% 

R.RL Cultivated 
Grass. Lalcli Field. 
% 

Dry Matter - 


• 

100 

100 

100 

Nitrogen 


• - 

3.14 

2.72 

3.70 

Total Ash 



7.89 

8.06 

8,77 

Acid Sol. Ash 



6.79 

6.63 

7.26 

CaO - - - 



0.32 

0.56 

1.12 

Na^O - - ■ 



0.03 

0.04 

0.48 

K,0 - - - 



3 58 

[ 3.31 

2.67 

Pfi, - - - 



0 91 

0.66 

0.89 

Cl . - - - 



0 63 

0.79 

0.79 

Fe - . - - 


- - 

0 013 

0.014 

0.025 

Mn - - - - 


- - 

0.106 

1 0.049 

0.016 

Soj - - - - 


- ' 

1.01 

1.13 

0.94 


The herbage from the ‘'pining’’ pasture shows a similar iron 
content to that of this "non-pining” pasture, but has a much higher 
manganese content. The cultivated grass has a much higher 
iron and a much lower manganese content than either of the other 
samples. The manganese : iron ratio shows very considerable 
differences, being 8:1 in the "pining” grass, 3.5 :1 in the "non- 
pining” grass, and 0.64 :1 in the cultivated grass. 

These results are borne out by a number of analyses previously 
made of other samples of grass from "pining” soil and "non- 
pining” areas in the south of Scotland, the figures for which were, 

Range of Variation. 



Iron Content 

Manganese Content. 

Mn: Fc Ratio 

“Pining" Grass 

0.005—0.013 

0.038—0.064 

7.6— 3.9 

“Non-pining” 




Grass 

0.011—0.024 1 

• 1 

0.026—0.050 I 

1 

4.2— 1.7 


Whilst it may be suggested that the nature of the flora may 
have some influence on the iion content it is doubtful if this is the 
principal factor. Thus although the above "pining” herbage \vas 
of poor quality botanically and devoid of clover, the New Zealand 
"bush sickness” herbage was of good qualit^^ and contained abund- 
ance of clover, and yet both had a very poor iron content. 

Whether the high manganese-iron ratio in the "pining” pastuic 
has any significance or not, it is not yet possible to say. Very little 
is luiown at present as to the influence of a high manganese content 
or a high manganese-iron ratio of a diet on the health of stock. An 
investigation is, however, in progress at the Rowett Institute along 
these lines and will, it is hoped, throw further light on the subject. 
It may be a point of interest to note in passing, that, in the pot 
experiments, the application of lime, which on such highly acid soil 
as that in the "pining” areas might be expected to give a marked 
improvement in the herbage, resulted in a decided diminuition in the 

♦This “non-pining*' area included some seepage and streamside pasture 
which was not separately sampled. 
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manganese content of the croj) without affecting the iron content 
which was already at a low level. 

Summary. 

The pot experiments recorded above are admittedly tentative 
and cover too short a growing period. It is hoped, however, to con- 
tinue the work and obtain the results for mature plants. In the 
meantime it appears that on a given culture-medium lack of drainage 
is the most potent factor in increasing the manganese content and 
the manganese : iron ratio of the crop. Liming on the other hand 
tends to decrease both of these. 

It would appear de.sirable to make a fuller survey of soils and 
pastures of the pining’^ districts with a view to correlating soil 
texture and the physiographic features of the country with the iron 
and manganese content of the herbage and to make a further study 
of the effects of liming and of the application of iron-rich fertilizers. 

We desire to acknowledge our indebtedness to Dr. J. B. Orr, 
Director of the Rowett Research Institute, and to Mr. W. Godden in 
whose deT)artment the work was carried out. for facilities granted, 
and for their interest taken and advice given in this investigation, 
and to Dr. J. P. McGowan for placing at our disposal his wide know- 
ledge of ‘‘pining’’ disease. 
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Since the above was written a considerable amount of fresh informa- 
tion concerning the calcium content of pastures and the effects upon the 
animal of a calcium-deficient diet has been gathered. In view of the very 
low calcium content of the “ pining*' pasture and the higli lime requirement 
of the soil, it therefore seems possible that in this case the iron deficiency 
may be accompanied and the ill effect upon the animal aggravated by a 
deficiency of lime. The interesting possibility would thus arise of a 
simultaneous deficiency of mineral elements whose action under the peculiar 
soil conditions existing is sucU as to render them to a considerable extent 
mutually exclusive. This suggestion, which owing to considerations of 
distance, is made upon the responsibility of R. E. R. G. alone, is rendered 
more feasible by the fact that in areas adjoining those where pining’* 
exists, other workers have reported various obscure troubles in sheep, 
which are suspected of being due to some mineral deficiency. It will be 
noted that the herbage from the cultivated field has double the quantity 
of lime found in that from the “non pining*' sandstone hill, which in 
turn has nearly double that found In the herbage from the “ pining*' 
porphyrite hill. 
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Occurrence of Manuka Manna. 

By P. P. Worley, Professor of Chemistry, Auckland University 

College. 

[Read before the Auckland Institute, 4th October, 1921 ; received by Editor, 
5th June, 1928; issued separately, 

SOth August, 1928.'\ 

Plate 66. 

Manuka manna is a white, finely-crystalline, soluble substance 
occasionally found 6n Leptospennum scoparium in dry weather in 
the middle of summer. The cause of its occurrence has apparently 
not been investigated, nor has its chemical nature been fully deter- 
mined. Preliminary examination of a small amount collected during 
the past few years has indicated that, like other mannas, it is a 
(‘omplex sugar. On hydrolysis, it yields only glucose. Further 
work on its composition is in process, but a larger amount of manna 
than at present available is required for complete investigation. 
The difficulty of obtaining the manna is due not only to its rare 
occurrence, but also to the fact that it is washed away by a slight 
shower of rain. 

After spending considerable time looking for manuka manna 
without success, I was surprised to find in my own garden a young 
manuka (/>. scoparium with double white blossoms) with many of 
the leaves in the middle and lower part of the shrub covered with 
manna. The mode of occurrence is shown in the aeeom])anymg 
figure. 

No damage to the leaves could be detected, but on branches 
directly above the affected leaves numerous whiU" plant-hoppers 
were observed, apparently feeding on the bark. Some of these were 
isolated and kept under observation until metamorphosis had 
occurred. The adult insect was identified by Mr. David Miller^ 
Government Entomologist as Scolypopa australis. Neighbouring 
plants, including Phormium tenax and a large-leafed privet, were 
infested with the nymph and adult forms of S. australis, but no 
manna was present. The leaves of the privet and other shrubs 
were, however, covered with honey-dew, known to be produced bj" 
sap-sucking insects. 

The following summer there was no occurrence of manna on 
the alK)ve manuka shrub, and no njmiphs or adults of S. australis 
were observed, though they were abundant on neighbouring shrubs 
and produced a considerable amount of honey-dew. 

Large areas of manuka on the Thames-Coromandel coast were 
examined, but the only occurrence of manna observed was on a 
very young tree in the grounds of a house I was renting at 
Thornton Bay. As in the previous occurrence, numerous nymphs 
of australis were observed on the branchlets above the deposits 
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Plate 66. 





Branchlet of manuka showing leaves 
covered with manna. Nat. size. 
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of manna. There appears to be little doubt that the manna was 
produced by S. australis in the nymph form. 

The nymphs apparently require for their rapid development 
and metamorphosis only part of the constituents of the sap they 
consume, excreting or rejecting the greater part of the carbohydrate. 
In the case of manuka-sap diet, the excreted carbohydrate material 
crystallizes to a white solid, but when the food is derived from 
other trees, the carbohydrate remains on the leaves as a viscous cover- 
ing of so-called honey-dew. 

Manuka manna is sometimes formed in larger masses not distri- 
l)uted over the leaves, being due apparently to injury caused by 
a boring animal. It is possible that other sap-sucking insects besides 
S, australis may produce manuka manna, and it would be interesting 
to ascertain whether the manna ])roduced by different insects has 
the same composition. It is also desirable to ascertain whether the 
lioney-dew produced by the same insect on different trees differs in 
composition. 

I should be glad of supplies of manuka manna and information 
of its mode of occurrence. I also wish to express my indebtedness 
to Mr. David Miller. 


AA 
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Mineral Content of Pastures. 

Lime Deficiency in King Country Soils, and the 
Effect on Plant and Animal. 


By B. 0. Aston, P.N.Z. Inst. 

[Received l)y Editor ^ 301h July, 1928; issued separately^ 
SI St August, 1928.] 


Iron-starvation (“ biisli-siekness’^) in ruminant stock occurs in its 
typical form when the animals arc grazed on pasture grown on the 
coarse air-deposited rhyolitic pumice soils, particularly the sandy- 
silts and gravelly-sandy types, of the North Island volcanic plateau. 
Lying to the westward of this great area which* may be measured 
by millions of acres, there are extensive areas of finer air-deposited 
soils belonging to the loamy types, derived from showers of mud 
or dust or similar fine-grained volcanic material which has been 
deposited on the soils derived from a limestone, rhyolite, or grey- 
wacke country rock which underlies them. This fine deposit weathers 
down to a fertile loam, and its section in the road cuttings presents 
a characteristic appearance — a brown loamy face which cracks up 
in summer appearing as a much fissui'ed surface. This deposit is 
no doubt what Henderson and Ongley (1923) refer to in their 
Bulletin of the Geological Survey (No. 24 Oeology of the Mokau 
Subdivision, p. 56) under the heading ^‘Rhyolitic Rocks.’’ The 
authors say: Westward only the finest dust seems to have been 
deposited. This has been to a great extent eroded and what remains 
has been decomposed to a brown sandy loam of characteristic 
appearance. Its distribution is not shown on the maps, but it 
covers the hills and some of the valley bottoms over a wide area 
and must at one time have covered the whole region. It may be 
observed in the Mokau Valley west of Pio Pio, at many points on 
'' the hills between the Mangaotaki and the Awakino rivers, and again 
on the Taumataemaire Hill.” 

The area in which it is thought that a mineral-deficiency disease 
hitherto unrecognized occurs, is situated in the Mairoa and adjacent 
ridings of the Waitomo Ooiuity. The situation of this area is gener- 
ally about 1,000 ft. above sea-level, the rainfall being a heavy, well- 
distributed one. 

In August 1926 the writer was first consulted regarding a type 
of soil oceuring about 15 miles west of Te Kuiti. The first enquiry 
related to the soil itself which had ceased to produce the same good 
quality of sheep-pasture that in the j)ast had given this district an 
excellent name as a fertile country in the years immediately following 
the *'burn” — the operation of bringing in” the bush-country, or 
in other words of quickly converting forest-land to a sheep and cattle- 
grazing pasture. It appeared upon investigation that land for which 
£17 an acre was refused previous to the war was now unsaleable 
even at one-third of that price, and that some farms had changed 
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hands at something like £2 an acre, a price which included dwelling 
and other buildings and all other improvements. Such rapid and 
great deterioration in the market-value could not be for the greater 
part attributed to falling prices. 

The forest which originally covered this land was tawa {Beil- 
schmiedia Tawa), rimu {Dacrydium cupressinum) , rata {Metro- 
sideros rohusta), pukatca {Laurdia novae-zcalavdiac) while the 
undergrowth was fuchsia {Fuchma cxcorticata) , whiteywood {Melicy- 
tus ramiflorus), supplejack {Rhipogonum sca^idens), ribbon wood 
{Iloheria), fivefinger {Noihopnnax lactum and N. arhoreum), rewa- 
rewa {Knightia) , mangeo {Litsaea), Preycinetia and similar shrubs; 
a type of primeval vegetation wliich usually indicates good soil rather 
than bad. The liistory of this settlement as given to the writer 
relates that for the first seven or eight >ears after the burn the 
pasture carried \\ ewes to the acre and the lambs did well on it, 
but after this the i)asture deteriorated very i*apidly; the so-called 
English good grassc^s disai>peared, and the carrying capacity fell 
below one dry sheep to the acre, find even with this diminished 
stocking the Jinimals did not thrive. The extraordinary thing was 
that the usual remedy for deteriorated land, viz., top-dressing with 
phosphates, although it improved the summer carrying capacity did 
not effect the improvement hoped for in the returns. 

The pasture on land that had been top-dressed with basic slag, 
sui)crphosj)hfite, and potash manures (8 ewt. in four years) was still 
apparently deficient in some ingredi<mt. In summer the top-dressed 
pasture looked well and grew a lot of good grass, but in winter 
th(‘ ground Ivecame full of moss which disappeared in the summer. 
The number of culls in the flock ivas unusually high, although when 
these were taken to land wliere no deterioration had set in the> 
fattened and often became the best sheep in their new home. 

The topography gem^rally is that of what would be called “easy 
country,” and the whole is well watered by streams and creeks. .V 
few sam])les of soil had IxH'ii received and a composite sami)le made 
up for analysis showed that the soil was essentially a loam. Each 
sample (W 506-514) was tested for ” lime-re(iuircment” and gave 
results varying from 1,15 to 0.67 per cent, calcium carbonate required 
calculated on the w^ater-free soil. Where, however, a sample (No. 
W508) was taken quite close to the limestone outcrops the ‘'require- 
ment” was only 0.4 per cent. 

The chemical analysis of the composite soil W609 showed no 
deficiency of any of the three valuable ingredients of feitilisers, the 
available potash being very high, and phosphoric acid being high, 
while the total nitrogen was particularly high. The writer visited 
the locality for the first time in November 1926, and was struck 
with the poor condition of the sheep, which could not be explained 
by the lack of pasture. Some deficiency of the mineral food was 
suspected, especially as on examination the bones of sheep which had 
died were found to be unusually fragile and light. An alternative 
theory held by some was that internal parasites were the cause of 
the poor condition. On obtaining the highest veterinary advice and 
on post mortem examination of sheep in September 1927 and subse- 
quent dates it was found that the parasites present were not suffi- 
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ciently numerous to account for the condition, and the hypothesis 
of a deficiency-disease was adopted as the cause of the trouble. 

The analysis of the soil not revealing any deficiency of nitrogen, 
available phosphoric acid, or potash, and the application of the two 
latter manurial ingredients to the soil failing to mitigate the deficency- 
disease, it was necessary to look for the deficient element oi elements 
among those which are in normal soils present in quantity sufficient 
for the growth of plants and which are not generally required to 
be provided for plant-food in artificial manures. In this selection 
one was guided by several facts; but the cliicf were that the bones 
of the animals were undoubtedly affected, and hence one of the 
elements forming bone would be probably the one sought for, and 
the other fact was the high limc-requiremenl of the soil, which was 
in the neighbourhood of 1 per cent, whereas the usual figures for 
North Island soils are from 0.2 to 0.4 per cent, of calcium carbonate. 

Other analytical data pointed to excessive soil-sourness and 
higher organic-matter content than normal soils show. The soil- 
sourness was determined to be extreme by three analytical tests, viz., 
the lime-requirement figure (Hutchinson and McLennan method), 
the hydrogen-ion concentration (pH) figure, and the replaceable 
calcium figure, all of which testify to an abnormal soil condition, 
the remedy for which would be to apply lime. According to Russell 
Humus is more sensitive than clay to changes in calcium content 
and more rapidly becomes neutral on the addition of excessive doses 
of lime, or conversely more rapidly devolopes acidity as the lime 
is washed out.^^ The analysis of this soil shows an excessively high 
organic-matter content. 

It will be interesting to consider what takes place in the soil 
when a forested country is felled and burnt. The most important 
chemical effect will result from the distribxition over the surface of 
the land of a dressing of ashes containing carbonate of lime in an 
infinitely divided state, together with some phosphate and potash. 
Calcium is the chief element in wood-ashes, potassium being present 
to a much less extent. The good result accruing from wood-ashes 
is often attributed to the imtasli contained in them when the result 
is more likely due to the lime. There is nothing in the analysis of 
these soils to show that potash is deficient in them, though the 
potash fallacy led one farmer to use potash fertilizers on this type 
of country; but he obtained no evidence of any improvement from 
potash. 

According to data kindly supplied by the Director of Forestry 
(Mr. E. Phillips-Turner) a bum of forest of the tawa-rimu type 
might be expected to deposit on the surfa(»e of the land from J ton 
to 2 tons of wood-ash per acre, which may be considered a "very 
moderate estimate. Anything like J ton to 1 ton of pure fine car- 
bonate of lime per acre on hill land is a dressing not to be despised. 

There is considerable evidence as to the elements which arc 
washed out of clay soils from the experience at Rothamsted Experi- 
mental Station. These show that pota^ and phosphate are not 
leached out of the soil in any considerable quantity, whereas calgium 
is washed out in very large amounts. Hall, '' The Soil,’' p. 212 



Aston. — Mineral Content of Pastures. 


409 


states that phosphoric acid and potash applied as manures are 
‘ ‘ fixed by the soil whereas the metals sodium and calcium are only 
slightly if at all retained. These results are confirmed by the 
'' analysis of the water which flows from the land drains under 
' ‘ normal conditions. This will generally be found to contain nitrates 
(and sometimes in fair quantity) sulphates and chlorides of cal- 
cium and sodium and considerable amounts of calcium bicarbonate 
‘‘ but rarely shows more than a trace of ammonia, phosphoric acid 
‘‘ and potash.^’ 

One may say that the rainfall of this area is heavy and well 
distributed, so that if we knew of the rapid leaching out of some 
element necessary to fertility which was present in the soil after 
the bush burn and then gradually leached out this would be another 
link in the evidence. That such an element is calcium who can doubt? 
Ill the finely-divided condition in which it exists in wood-ashes, 
whether present as quick lime, slaked lime, or carbonate of lime it 
would be quickly available and have a greatly ameliorating influence 
for the first few years and then be leached away or rendered unavail- 
able, the pasture becoming progressively poorer in legumes and the 
better grasses. 

Deficient calcium in the pastui*e leads to disease in stock. It 
also probably injuriously affects the growth of lionc in the animal, 
it Ixnng the principal constituent in bone-ash. Deficient calcium in 
this soil would account for the absence of clovers, the component of 
pastures which supply large quantities of calcium in the feed. 
Neither nitrates, sulphates, nor chlorides are likely to be so deficient 
as to cause the malnutrition. That deficient calcium in the soil is 
reflected in the composition of the grasses giuwing upon it, and is 
shown by the analysis oi grasses growing near the limestone outcrop 
and sample growing far away from the influence of lime. The 
latter are always poorer in calcium than the former. 

In the pasture of a typically deteriorated farm that has ne\er 
had any top-dressing since the burn, one hears that it originally 
carried rye-grass and clovers, and finds now only Danthonia, brown- 
top, and yorkshire-fog, with traces only of the nutritious Leguminosae, 
Lotus major being the bnly species visible. That this absence of 
Leguminosae is a fact and not a cursory impression may be accepted 
when it is recorded that a skilled assistant, who was sent up in April 
1927 to obtain a sample of red or white clover on a 800 acre farm 
much of which had been top-dressed with phosphates and potash, 
had to return with the report that he could not even obtain enough 
to analyze! A pound of the sample would have been ample. It 
was also reixortcd that swedes and turnips would not thrive unless 
the soil was limed; and club-root and finger-and-toe in cruciferous 
plants, grown in either field or garden, was alleged. The pasture 
was full of moss. Upon pasture that had been limed the sheep were 
always found grazing. Subsequently it was reported that the \ery 
sheep which had been diagnozed as suffering from a deficiency- 
disease ill September 1927, when placed on a limed paddock fattened 
and were sold fat in a few months. On the other hand, sheep grazed 
on land which had been liberally top-dressed with phosphates and 
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I)otash salts, although the pasture s(‘emed of better quality and of 
increased carrying capacity, did not respond as they did on the 
limed paddock. 

A growing hogget requires .0093 lb. calcium oxide a day 
(Wilson). 100 lbs. of the dry matter of the worst Mairoa pasture 
contains, say, 0.7 lb. CaO. A hogget cats less than 3 lbs. dry-matter a 
day, or say .021 lb. OaO but can only assimilate one-third to one-half 
of the mineral matter ingested, hence a figure is arrived at which 
approaches .009 lb. more or less for summer conditions. In winter 
the CaO content of the pasture is sure to be lowered and iJie amouiii 
of Ca will fall below the theoretical requirement of .009 lb. per day. 

The case of a milking ewe is far worse. She requires .020 lb. 
CaO daily and if her ingested food only contains .021 lb. there is 
no margin to allow for calcium not assimilable. Sheep require more 
lime than cattle in their proportion to the P2O5, for while slu^cp 
require 1 : 1 ratio, cattle require 1 PgOs -85 CaO. 

The fact that in the aggregate large quantities of phospate hud 
been applied to the land without improving the average quality of 
the pasture throughout the year sufficiently to enable the flock to 
develop normally is vouched for by two farmers who had tried that 
method. That large quantities of phosphate have been applied is 
indicated by the high phosphate content of the manured land; apart 
from this one finds that the unmanured land is for hill-pasture 
country well supplied with available phosphate and particularly well 
sui)plied with potash (sec analysis of sample W882). In one case 
the soil was analyzed by taking successive three-inch cores and 
analyzing the first, second, and third three inches separately, instead 
of the usual i)ractice of taking one coi’c of 9 inches. This was done 
in the case of unmanured laud on two separate farms. The results 
show that the soil is well supplied for a hill-soil with available phos- 
phate and potash while the lime-requirement figure is still exception- 
ally high for all depths (see samples X284-289). 

The writer reported on 9th December, 1926, ‘‘From what I 
“ could see and ascertain from laboratory tests it seems that lime 
“ is required to improve the composition and texture of the soil, 
“ the lime absorption of most of the soils .iKung about one per cent. 
“ which translated into terms of tons per acre would roughly speak- 
“ ing amount to about ten tons per acre of carbonate of lime. This 
“ is, of course, an empirical laboratory test and by no means to be 
“ taken as indicating that it would be profitable to apply such a 
“ large amount. It is extremely desirable that further investigations 
“ should be made into the best method of reclaiming this fine country 
“ which is rapidly going l)ack to fern. It seems quite probable that 
“ some form of calcium which is alkaline may prove a very strong 
“ agent in bringing this land back to its previous productive 
“ capacity. ’’ 

The fact that the lime-requirement figure shows an absorption 
of calcium carbonate approximately equal to ten tons per acre of 
ground limestone has been advanced as a reason for abandoning the 
Mairoa lands, since no one could afford to apply this quantity of 
lime. It is not, however, necessary to satisfy the high lime-require- 
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merit of ten tons per acre; in fact, the full lime-requirement never 
is satisfied even when, as in the majority of North Island soils, it 
is only in the vicinity of two to four tons per acre. 

There are several methods which might be tried with the object 
of avoiding the great expense of liming large tracts of hill-country. 
Tliese fall under different headings: — 

(1.) Cheapening of lime — 

(а) By having local grinding-plants for reducing limestone 
to powder. 

(б) By having local kilns for burning limestone. 

(r) By giving a subsidy to farmers who cannot take advan- 
tage of the free railage because there is no railway. 
Thus 100 miles free railage is 8/5d. per ton for lime 
and gi’ound limestone. 

(2.) Feeding pellets or licks containing calcium in some avail- 
able form. 

(3.) Bringing up the calcium content of the pasture on one 
paddock on each farm and running the entire stock periodi- 
cally through that particular paddock. 

STATEMENT OF LIME-REQUIREMENT. 


Per Cent. Carbonate of Lime. 



On 

On 



air-dned 

moisture fiee 



soil 

''Oil 


W/506 Home paddock, Mairoa 

106 

1.16 

top-dreBBed for 4 yearB. 

507 

108 

1.22 

top-dreBed for 3 years. 

508 

0.35 

0 40 

close to limestone rock. 

509 Oldest clearing „ 

0.66 

0.77 

top-dressed for 2 years. 

510 

0.81 

0.87 

top-dressed for 2 years. 

511 Subsoil of 512 

0 89 

0.97 

not top-dressed. 

512 Soil 

0 98 

1.09 

not top-dressed. 

513 Subsoil of W/SOe „ 

0.61 

0.67 


514 Moss patches, pdk. W/506 1.09 

1 1.14 

badly mossed. 


Experimental. 

Table 1 shows the chemical analyses of the Mairoa soils. It will 
be seen that in the top three inches of soil there is ample available 
phosphate on the unmanured land judged by the usual standards 
in use for ordinary soils. In the samples taken to a depth of 9 inches 
and in the composite soil (No. W609) there is no great lack of avail- 
able i)hosphate judged by the usual standards. The large amount of 
organic matter shown by the loss on ignition, however, puts the soil 
in a class by itself. The outstanding feature of the whole series of 
soils without exception is the high lime-requirement figure. One 
might compare the phosphate-content of the Mairoa soils with that 
of the pumice soils considerably to the disadvantage of the latter 
on which clover grows abundantly. Bone-nutrition troubles have 
not been known to occur on pumice soils. 
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In table 2 are given the results of a series of further analyses 
of Mairoa soils which substantially bear out the figures of table 1. 
For a hill-soil, fair amounts of available mineral plant-food are 
apparently present, but the most important fact is the consistently 
high lime-requirement figure which is supported by its pH figure. 
The only exceptions are what one would expect, viz., the soils (X563) 
drawn round the limestone outcrops which show a lime-requirement 
figure more nearly approaching a normal North Island acid soil with 
a pH figure indicating decreased acidity. The other exception is 
(X553) from a farm usually recognized as superior in quality to the 
others. 

The worst soils for dopiness,’’ as the local farmers call the 
disease, are Farmer O’M,” “ Farmer McC,” and Farmer N.” 
While the land of ‘ ‘ Farmer T ” is generally recognized as superior, 
tlie samples of soil drawn near the limestone outcrops (separated 
by lines from the others) arc outstanding in their composition com- 
pared with the soil away from the infiucnce of limestone. 

MAIROA SOILS. 


Calcium Oxide. 



1 Extracted bv^ 
Citric 

1 Aold 

Extracted by 
Hydrochloric 
Acid 

I Time 

Itequlreincni 

1 Figure 

pH 

Figure 

Farmer 

1 

1 



No. 1 pasture 

.15 1 

.59 

1.2 

52 

Virgin forest 

.23 

.74 

.89 

58 

Northern paddock 

.15 1 

.57 

.99 

53 

No. 2 paddock 

.13 

.65 

1.01 

5.3 

Near limestone 

.57 

163 

.38 

6.3 

''Farmer McC:' 

.12 

.53 

.67 

50 

''Farmer N.” 

.19 

.84 

.75 

54 

“ Farmer N 



(Ngapenga No. 2) 

.20 

.81 

.95 

5.4 

“ Farmer T.” (good 





soil) 

.39 

1.00 

.56 

6.1 


There is a further method by which soils may be examined ; 
the determination of exchangeable bases in the soil or the bases which 
are instantaneously extracted from the soil on treatment with a 
solution of a neutral salt. Taking sample X565 the amounts of bases 
extracted per cent, on the air-dried soil arc: — 

Ca Mg K 

0.165 0.024 0.054 

This soil is very rich in organic matter (26.6 per cent, loss on 
ignition) so that a high degree of unsaturation is probably indicated. 
According to Russell (p. 218) Humus is more sensitive than clay 
‘ * to change in calcium content and more rapidly becomes neutral 
on the addition of successive doses of lime or conversely more 
easily develops acidity as the lime is washed out. ’ ’ The same writer 
(p. 384) gives some interesting figures showing the relation of sour- 
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ness of soil to the capacity for growing certain plants on it. With 
a lime-reqnirement of 0.22 per cent, calcium carbonate on the Har- 
penden Common, white clover was found to be the dominant growth^ 
of 0.26 per cent, it was fescues, of 0.31 per cent, yarrow, wood rush, 
and moss, of 0.39 per cent, gorse, of 0.43 yorkshire fog, of 0.53 per 
cent, sorrel. In the fir woods with lime-requirement of 0.24 the 
dominant growth was Mercurialis (dogs-mercury) but of 0.52 is was 
yorkshire fog, sweet-vernal, and thistles, of 0.62 fog and anemone. 
On the Eothamstod grass plots, 1919 results on the most sour soils 
with a pH figure of 3.79 there was 64.8 per cent, of yorkshire fog 
(Holcus lanatus) in the pasture. Where fog becomes dominant the 
soil may evidently be unusually sour and in need of lime. (One of 
the dominant grasses of these Mairoa lands is fog.) Finally Russell 
in discussing the influence of disease organisms in determining the 
vegetative characteristics of sour soils finds where there is a pll 
figure of 5.66 to 6.21 there was much '' fingor-and-toe’’ in cruciferae, 
but where there was a pH figure from 6.13 to 7.9 there was little 
or no finger-and-toe. ^ ’ The Mairoa soils are much lighter in texture 
than those of Rothamsted (a clay with flints), but at Mairoa it is 
found that with a pH figure of 5.0 to 5 8 finger-and-toe prevents 
the successful growth of all cruciferous crops attempted. In table 
2 SIX' also given the results of two North Island soils of very different 
types on which dairying is successfully carried on for comparison 
with the Mairoa soils. 


The P\sTrRES. 

A small number of general pastures and cocksfoot grasses have 
b(‘en analyzed. As would have been expected from a pasture devoid 
of legumiuosao, the calcium and phosphoric acid content of the 
samjiles from the unmanured land or from land away front the 
influeiKX' of limestone outcrops is low. Where the pastures have 
been highly manured by top-dressing with phosphates and potash, 
or those with ground limestone (6006/6007), calcium and phosphoric 
acid are present in good proportion and in the right ratio for sheep- 
feed. Where no top-dressing has been applied (6020/1/2), the 
amounts of calcium and phosphoric acids are low except where the 
samples are taken near the limestone outcrops, in which case the 
calcium is far higher (see Table 3). 

In the cocksfoots analysed separately the same low calcium and 
phosphoric acid content is found, except from around the limestone 
outcrops and in one of the limed areas where the calcium content is 
high. 

Summing up the evidence which supports liming as an essential 
to success on the deteriorated volcanic soil of the Mairoa type one 
may say that, — 

(1.) The high “ lime-requirement’^ figure indicating an absorp- 
tion of nearly one per cent, of lime by laboratory methods. 

(2.) The absence of clovers in the pasture in spite of abundance 
of potash. 

(3.) The finger-and-toe” disease in cruciferous crops. 
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(4.) The prevalence of moss in the winter pasture. 

(5.) The abundance of yorkshire fog in the pasture. 

(6.) The avidity with which sheep forsake pasture even well 
top-dressed with phosphate to feed on a strip of limed 
pasture in the same paddock. 

(7.) The fragile condition of the bones of the animals which 
show an increase in the organic matter and a diminution 
of mineral matter. 

(8.) The rapid recovery of the same sheep when they are placed 
on a limed paddock. 

(9.) The good results obtained in the years succeeding a bum. 
(10.) The fact that pasture growing near the limestone outcrops 
contains approximately twice as much calcium as thd.t grow- 
ing away from the influence of the limestone. 

(11.) Earth-worms manifest their presence in the recently-limed 
land to an unusual degree compared with unlimed land 
where their burrows are inconspicuous. 

all show the immediate need of lime to the land. 

The conclusion come to from the soil and pasture analysis and 
the rapid recovery of the ill-nourished animals when placed on limed 
land is, therefore, that the soil is an abnormally sour one, and that 
in spite of the fair amount of plant-food present, the clovers cannot 
flourish, and hence the pasture becomes deficient in the calcium-rich 
components, the leguminosae, and that lime in some form is necessary 
to restore the productive capacity to the point at which sheep-farm- 
ing can profitably be carried on. 

The writer’s grateful thanks are due to his assistants, P. T. 
Leighton, R. B. R. Grimmett, C. M. Wright, F. J. A. Brogan, and I. J. 
Cunningham, for the unremitting attention and enthusiasm with 
which they have discharged their duties in connection with this 
investigation; also to Mr. J. Lyons and his staff for their reliable 
professional advice in connection with the sick stock 
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Table 2. Chemical Analyses. 

Results, except*, are percentages on soil dried at 100 
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tCarbonate of lime present. Analyses by P, J. A. Brogan. 



Table 3. Maiboa General Pastures. 
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Analyses by B. C. Aston and I. Cunningham. 
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Table 4. Mechanical Analyses. 

Results are percentages on air-dried soil. 



AnalTBls of 

"Pine Barth" paaaing 2 

mm. Sieve | 



DoBcrlptloti of Soil 
(Claasiflcatlon of TI.S 
Dept, ot Agriculture, 
inodlftcd ) 

t *3 ' 

u 

at 1 

a .ss 

tt fciZ 

1 

1 

m 

1 O 

1 

1 o et § 

1 Ms 

C 1 

Ston«8 

and 

1 Gravel 

I 






1 

1 

1 

8.3 


C’omposite 

Loam 

1 

1 

0.5 1 

! I 

94 

15 0 

14 1 12.3 

15.1 1 
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The New Zealand Species of Metrosideros with a 
Note on Metrosideros coliiaa (Font) Gray. 

By W. B. B. Oliver, M.Sc., P.N.Z. Inst., Director Dominion 
Mnseum, Wellington. 

[Read before the Wellington Philosophical Society, 24 th June^ 1928; 
received by Editor, 31st July, 1928; issued separately, 

31st August, i.9g«.] 

Plate 67. 

The purpose of the present paper is merely to revise the nomencla- 
ture of the New Zealand species of Metrosideros. Discussions on 
affinities and distributions are therefore included only so far as they 
have a bearing on the name to be applied to the species. Investiga- 
tions into the nomenclature of the genus revealed an amazing state 
of confusion, for, as will be seen by what follows, no fewer than 
seven of the eleven names used in Cheeseman’s Manual of the New 
Zealand Flora will require to be changed. Unfortunately, in two 
cases the names are transferred to different species within the genus. 

It will be convenient to compare in tabular form the names 
herein proposed with those in Cheeseman’s Flora. 

Checseman ^s Manual. 1 Present Paper. 


M. florida 
M. lucida 
M. Parkinsonii 
M. albiflora 
M. diffusa 
M, hypcricifolia 
M. Colensoi 
M. scandens 
M. rohusta 

M. rohusta var. intermedia 
M. tomentosa 
M. viUosa 


M. scandens 
M. nmhellata 
M. Parkinsonii 
M. albiflora 
M. carminea 
M. diffusa 
M. Colensoi 
M. perforata 
M. rohusta 
X M. subtomentosa 
M. excelsa 
M. kermadecensis 


Of the above changes M, perforata has already been noticed 
recently by the author and by Cockayne and Allan {Trans. N.Z. 
Inst., vol. 56, pp. 5, 27, 1926), while M. scandens («= M. florida) 
was recorded by Druce in 1917. In the case of the hybrid, M. sub- 
tomentosa, this name is adopted instead of intermedia under the 
authority of a rule which states that the first name used in a specific 
sense must stand. The rule is obviously not in harmony with the 
law of priority. 

In order to verify the results of my researches, I applied to 
the Department of Botany of the British Museum where the types 
of the Forsters are preserved. Mr. A. W. Exell kindly took the 
matter up, fully investigated the problems I placed before him, and 
drew up a synonymy which not only confirmed mine but added 
several references not available to me. Thanks to Mr, Exell, there- 
fore, I believe the names now put forward are in accordance with 
the International Rules of Botanical Nomenclature, and the authori- 
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ties given are correctly stated. Mr. Exell kindly examined the type 
specimens in the British Museum and in the Linnean herbarium. 

Metrosideros scandens (Porst.) Druce. 

Leptospermum scandens Porst. Char. Gen. 72, pi. 36, 1776. 
Melaleuca florida Porst. FI Ins. Austr. Prodr. 37, 1786. 
Metrosideros fvlgens Sol. ex Gacrtn. Fruct. 8em. PI. 1, 172, pi. 34, 
f. 7, 1788. 

M. florida Smith, Trans. Linn. Soc. 3, 269, 1797. 

M. spedosa Colenso, Trans. N.Z. Inst., 22, 463, 1890. 

M. aurata Colenso, Trans. N.Z. Inst., 23, 385, 1891. 

M. scandens Druce, Rep. Bot. Exch. Cl. Br. Isles, 1916, 635, 1917. 
Not M. scandens Sol. ex Gacrtn. Fruct. Sem., pi. 1, 172, 1788. 
The Porsters introduced Leptospermum scandens twelve years 
before Gaertner founded Metrosideros scandens for a different species. 
As Gaertner \s specific name is not valid, being pre-occupied by 
Forster’s earlier perforatum, Forster’s name scandens becomes avail- 
able for the present species. 

Metrosideros umbellata Cav. 

Melaleuca lucida Porst. FI. Ins. Austr. Prodr. 38, 1786. 

Metrosideros umbellata Cav. Ic. Desc. PL 4, 20, pi. 337, 1795. 
Melaleuca umbellata Raeusch, Nomencl. Bot. ed. 3, 143, 1797. 
Metrosideros lucida A. Rich. Voy. Astral. Bot. 333, 1832. 
Agalmanthus umbellatus Hombr. & Jaeq. ex Decne. Voy. Astral, et 
Zel. 78, 1853. 

Not Melaleuca lucida Linne. f. Suppo. 342, 1781. 

Forster’s specific name lucida is not valid for this species on 
account of an earlier homonym of Linne f. (= M. collina.). Cava- 
nille’s name umbellata therefore comes into use. 

Metrosideros Parkinsonii Bueh. 

Metrosideros Parkinsonii Buchanan, Trans. N.Z. Inst., 15, 339, 1883. 

Metrosideros albiflora Sol. ex Gaertn. 

Metrosideros albiflora Sol. ex Gaertn. Fruct. Sem. PL 1, 72, pi. 34, 
f. 11, 1788. 

Melaleuca albiflora Raeunch, Nomencl. Bot. ed. 3, 143, 1797. 
Metrosideros diffusa A. Cunn., Ann. Nat. Hist. 3, 114, 1839. Hook f. 
Ic. PL pi. 569, 1843. Not M. diffusa Smith. Trans. Linn. Soc. 
3, 268, 1797. 

Metrosideros carminea W. R. Oliv. new name. 

Metrosideros diffusa Hook, f., FI. Nov. Zel. 1, 67, 1853. Not. M. 
diffusa Smith, Trans. Lirm. Soc. 3, 268, 1797, nor Melaleuca 
diffusa Porst. FI. Ins. Atistr. Prodr. 37, 1786. 

This species has been known under the name of M. diffusa since 
the publication of Hooker’s Flora Novae Zelandie in 1853. It is 
not however the Melaleuca diffusa of Forster, better known as M. 
hypericifolia, nor the Metrosideros diffusa of Smith, which is a Poly- 
nesian species {M. collina), nor yet M. diffusa of Cunningham, which 
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is If. albiflora. The name diffusa has thus been applied to four 
different species of Metrosideros. 

Forster did not land at any point in the North Island, so that 
his name could not rightly be applied to the present spi'cies which 
is confined to the ngrthern portion of that island. 

Metrosideros diffusa (Forst.) W. B. Oliv. new comb. 

Melaleuca diffusa Forst. FI. Ins. Austr. Prodr. 37, 1786. 
Metrosideros myrtifolia Sol. ex Gaertn. Fnict. Sem. PI. 1, 172, pi. 34, 
f. 12, 1788. 

M, hypcricifoUa A. Cunn. Ann. Nat. Hist. 3, 114, 1839. 

M. subsimilis Col. Trans. N.Z. Inst., 12, 361, 1880. 

Cheeseman in his Illustrations of the New Zealand Flora, pi. 48, 
1914, discusses the identity of Melaleuca diffusa, of Forster and con- 
cludes that in all probability his plant is identical with the species 
usually Imown as M. hypericifolia.** In order to verify this I sent 
to Mr. Excell specimens illustrating the range of variation of M. 
hypericifolia. Mr. Excell kindly compared the specimens with 
Forster’s type and reported that they belonged to the same species. 

Metrosideros diffusa of Smith, is, as shown under M. coUina not 
the same as Forster’s Melaleuca diffusa. 

Metrosideros myrtifolia of Gaertncr is as shown by his plate 
reproduced herewith the same species as Forster’s Melaleuca diffusa. 

Metrosideros Colensoi Hook. f. 

Metrosideros Colensoi Hook. f. FI. Nov. Zel. 1, 68, 1853. 

M. pendens Colcnso, Trams. N.Z. Inst., 12, 360, 1880. 

Metrosideros perforata (Forst.) Rich. 

Le piospermxm perforatum Forst. Char. Gen. 72, 1776. 

Melaleuca perforata Forst. FI. Ins. Austr. Prodr. 37, 1786. 
Metrosideros .scandens Sol. ex Gaertn. Fruct. Scm. PI. 1, 172, pi. 34, 
f. 10, 1788. 

M. perforata A. Rich. Voy. Astral. Bot. 334, 1832. 

M. huxifolia A. Cunn. Ann. Nat. Ihsi. 3, 111, 1839. 

M. vesiculata Colenso, Trans. N.Z. Inst., 16, 327, 1884. 

M. ienuifolia Colenso, l.c. 24, 387, 1892. 

Not Leptospermum scandens Forst. Char. Gen. 72, 1776. 

I have myself examined Forster ^s type of Melaleuca perforata, 
and found it to agree with the plant known to New Zealand botanists 
as Metrosideros scandens. Gaertner’s Metrosideros scandens, which 
should not be confused with Forster’s Leptosperiynim scandens, is 
shown, by Gaertner’s plate reproduced herewith, to be the present 
species. 

Metrosideros robusta A. Cunn. 

Metrosideros robusta A. Cunn. Ann. Nat. Hist. 3, 112, 1839. 

M. florida Hook. f. Bot. Mag. pi. 4471, 1849 (not Forst.) 

M. robusta var. retusa Kirk, Students FI. N.Z. 162, 1899. 

X M. subtomentosa Carse. 

Metrosideros robusta var. intermedia Kirk. Students Flora, 162, 
1899. 

X M. subtomentosa Carse, Trans. N.Z. Inst., 57, 92, 1927. 
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This hybrid was first described by Kirk as a variety of M. robusta* 
Kirk’s specimens were collected on Rangitoto Island where both M. 
robusta and M. excelsa are found. There are also in his herbarium 
similar specimens from Great Omaha, where this form is known to 
bushmen as the ** inland pohutukawa.” Plants of different appear- 
ance, but intermediate between M. robusta and M. excelsa have been 
collected at Titirangi, Mount Tarawera, and Taupo Lake, in every 
case localities where both M. robusta and M. excelsa are found, so 
that their hybrid origin is practically certain. 

* Metrosideros excelsa Sol. ex Gacrtn. 

Metrosideros excelsa Sol. ex Gaertn. Fruct. Sem. PI. 1, 172, pi. 34, 
f 8 1788 

M. tomentosa Rich. Voy. Astral. Bot. 336, pi. 37, 1832. 

My attention was first drawn to the identity of M. excelsa 
through the examination of specimens in the Dominion Museum 
herbarium collected by Banks and Solandcr during Cook’s first 
voyage. The specimens wore labelled Metrosideros excelsa. 

In order to verify the identification I applied to Professor J. 
Arthur Harris, of tlie University of Minnesota, who kindly sent me 
a typed copy of the Gaertner’s description of M. excelsa and a photo- 
graphic reproduction of his plate 34. The description runs : ' ‘ Calyx 
tomentosus, quinquedentatus, capsulae ad medium usque adnatus. 
Capsula ovata, extra ealycem prominens, pubcscens, trilocularis. ” 
The plate is reproduced herewith. There can be no doubt that 
Gaertner’s plant, which was collected by Banks and Solander, is 
that commonly known as M. tomentosa. Mr. Bxell is in agreement 
with me. 

Metrosideros kermadecensis W. R. Oliv. new name 
Metrosideros polymorpJia Hook f. Handb, N.Z. FI. 73, 1864, (not 
Gaud). 

M. villosa Kirk, Students FL N.Z. 163, 1899 (not Sm.). 

This species has hitherto been reicrred to the very complex group 
known collectively under the name Metrosideros collina (Porst.) 
Gray, or one of its numerous aliases, and which is found throughout 
the Pacific from Fiji to Tahiti and the Hawaiian Islands 

Leaving aside the Kermadec species, M. collina may be divided 
into two groups, one confined to the Hawaiian Islands and consisting 
of 11 varieties, and another found in the South Pacific Islands and 
separable into three varieties. In the latter group I have seen no 
form corresponding to the Kermadec plant. Throughout its range 
it is for the most part either entirely glabrous or it has the inflores- 
cence, young leaves, and to a greater or lesser extent, the under- 
surface of the leaves, canescent or tomentose. Moreover the leaves 
are typically elliptic, moderately thin and have flat margins. The 
Kermadec s]>ecies has oblong coriaceous leaves with recurved margins 
and is densely tomentose below. The inflorescence and young leaves 
are also densely covered with white tomentum. In both M. collina 
and M. kermadecensis the flowers are sessile. 

To find a form witliin the complex collina at all comparable with 
the Kermadec species it is necessary to go to Hawaii where the 
variety incana approaches it. But this variety differs from M. kerma^ 
decensis in its larger leaves with longer petioles and pedicellate 
flowers. Moreover it is generally an erect tree with grey bark, and 
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with the capsule slightly exserted or immersed in the calyx-tube, 
from which it is nearly free. The variety incana is said to come 
close to the variety typica which has cordate leaves, and if these and 
the other named varieties are properly included in a single species 
then its genetic constitution is entirely different from that of the 
South Pacific group and still more so from the Kermadec species. 
M, kerviadecerms is really a close ally of M, excelsa of New Zealand, 
differing mainly in its smaller oblong leaves and smaller flowers. 

Note on Metrosideros collina (Porst) Gray. 

As the nomenclature of this species is involved in that of some of 
the New Zealand species, the following remarks are worthy of record 
in this place. 

At my request Mr. Exell kindly examined for me the type of 
Melaleuca lucida in the Linnean herbarium. He reports that it agrees 
well with Lepiaspermum collinum of Forster. It was collected by 
Sparrman and given to Linne. Though it was said to have come 
from New Zealand it was probably collected at Tahiti. 

As there has been a considerable amount of confusion through 
the application of the name diffusa to New Zealand species of Metro- 
sideros, I applied to Dr. Daydon Jackson for particulars of the 
specimens in Smith ’s herbarium. I received back extracts of Smith s 
account in Volume 3 of the Transactions of the Linnean Society, and 
a tracing of the specimen in Smith’s herbarium with a copy o£ the 
label attached thereto. The tracing might well be M, collina. Smith 
in his account states that ho had seen the specimen given by 
Sparrman to Linne, and then synonymizes Melaleuca lucida 
Linn, with his diffusa. But M. lucida Linn, is as above 
stated, Metrosideros coUina. The label of Smith’s specimen 
reads Otateite, Nelson. Herb. Banks, 1797.” Otateiti is 
a form of Tahiti. Nelson” must bo a late addition as the 
place so called in New Zealand would not be named for more 
than forty years after Smith’s account was published. Although 
Smith uses Forster’s name diffusa he evidently had not seen Forster’s 
type, for he states that “ I have only seen one specimen which was 
given to Linneaus by Dr. Sparrman” (that is, M. lucida Linn.). 
From this it is clear that Smith’s Metrosideros diffusa is identical 
with Lepfospermum collinum of Forster. Finally, Hooker and Arnott 
identify Tahiti specimens with Smith’s diffusa. 

The synonymy of the Hawaiian group, which I recominend it 
would be convenient to call M. polymorpha Gaud, as was done by 
Gray, is given fully by Rock in The Ohio Lehua Trees of Hawaii. 
The following synonymy covers the South Pacific Group, all the 
names except vitiensis being founded on Tahiti specimens. Lepto- 
spermum collinum Forat. Char. Gen. 72, pi. 36, 1776. Melaleuca 
lucida Linn. f. Suppl. PI. 342, 1781. M, villosa Linn. f. l.(. M. 
aestuosa Forst. FI. Ins. Austr. Prodr. 38, 1786. Metrosideros spccta- 
hilis Sol. ex Qaertn. Fruct. Sem. PI. 1, 172, pi. 34, f, 9, 1788, M. 
villosa Smith, Trans. Linn Soc. 3, 268, 1797. M. diffusa Smith l.c. 
Hook. & Am. Bot. Beech. Voy. p. 63, 1841 (not Forst.). If. villosa 
var. glabernma Bertero ex Guill. Zeph. Tait. p. 57. M. collina Gray, 
Bot. U.S. Expl. Exp. 558, pi. 68, 1854. M. collina var. mtiensis Gray 
l.c. p. 559. M. tahiiiensis Decne., Bot. Voy. Vennis, p. 30, 1855. 
Nania collina 0. Ktze, Bev. Gen. PI. 1, 242, 1891. 
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Amendments to the International Rules of 
Zoological Nomenclature. 

(Reprinted from Nature, 7th January, 1928, pp. 12-13.) 

'^Upon unanimous recommendation by the International Com** 
mission on Zoological Nomenclature, the International Zoological 
Congress which met at Budapest, Hungary, September, 4-9, 1927, 
adopted a very important amendment to Article 25 (Law of Priority) 
which makes this Article, as amended, read as follows {italicised type 
represents the amendments; Roman type represents the old wording) : 

Article 25. — The valid name of a genus or species can be only 
that name under which it was first designated on the condition; 

(a) That (prior to January 1, 1931) this name was published 
and accompanied by an indication, or a definition, or a 
description ; and 

(b) That the author has applied the principles of binary 
nomenclature. 

(c) But no generic name nor specific name published after 
December 31, 1930, shall have any status of availability 
(hence also of validity) under the Rules, unless and until 
it is published either 

(1) With a summary of characters (seu dmgnosis; sett 
definition seu condensed description) which differen- 
tiate or distinguish the genus or the species from other 
genera or species. 

(2) Or with a definite bibliographic reference to such 
summary of characters (seu diagnoses; seu definition; 
seu condensed description). And further, 

(3) In the case of a generic name, with the definite 
unambiguous designation of the type species (seu geno- 
type; seu auto-genotype ; sen orthotype). 

The purpose of this amendment is to inhibit two of the most 
important factors which heretofore have produced confusion in 
scientific names. The date, Jan. 1, 1931, was selected (instead of 
making the amendment immediately effective) in order to give 
authors ample opportunity to accommodate themselves to the new 
rule. 

The Commission unanimously adopted the following resolution: 

(a) It is requested that an author who publishes a name as 
new shall definitely state that it is new, that this be stated 
in only one (i.c., in the first) publication, and that the date 
of publication be not added to the name in its first publica- 
tion. 

(b) It is requested that an author who quotes a generic name, 
or a specific name, or a subspecific name, shall add at least 
once the author and year of publication of the quoted name 
or a full bibliographic reference. 
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The foregoing resolution was adopted in order to inhibit the 
confusion which has frequently resulted from the fact that authors 
have occasionally published a given name as ‘ new' in two to five 
or more different articles of different dates — ^up to five years in 
exceptional eases." 

(Signed) C. W. Stiles, 

Secretary to Commission. 

United States Public Health Service, 

Washington, D.C. 


Cause of Fishiness in Dairy Products. 

(Extract from Nature, 3rd March, 1928.) 

The action of Fenton's reagent (hydrogen peroxide in the 
presence of small amounts of ferrous salt) on lecithins in alcoholic 
solution causes the oxidation of the choline and amino-ethyl alcohol 
portions to tri-methylamine and methylaminc respectively (together 
with some ammonia). 

The olein of bu+terfat, owing to its unsaturation, easily absorbs 
oxygmi to form a labile ]x?roxide, the absorption being strongly 
catalyzed by compounds of heavy metals, especially copper. The 
peroxide thus formed is an active oxidizing agent in fatty media 
and is also a catalyst to more advanced oxidation. Lecithin is 
intimately associated with the fat peroxide in the fat phase ot‘ dairy 
I)roducts, and its nitrogenous base portion is oxidized through the 
agencies of the fat peroxide and the catalytic activity of the metallic 
(copi)er) coinponds present, forming volatile bases possessing a fishy 
odemr. That is, the reaction involved is a modified Fenton reaction 
in the fat phase. These volatile bases (tri-methylamine mostly) 
together with the easily hydrolysable salts of these bases with free 
fatty acids (butyric and oleic), are the causes of fishy fiavours and 
smells in dairy products. 

The importance of small amounts of metallic compounds, 
copper es])ecially, in strongly catalyzing the oxidation must be 
r(‘alized, since, without metallic contamination, the formation of 
labile peroxide would be slow, and, since rancidity is a precursor 
to fishiness, that degree of rancidity necessary for fishiness to develop 
would not have been reached during the normal storage of products 
free from metallic contamination. In the examination of all products 
which were fishy, copper in appreciable quantity has been found to 
be present. 

That such oxidation is possible in butterfat also demonstrates 
the need of enquiry into the fate of fat-soluble vitamins during 
the development of rancidity. . 

(Signed) W. L. Davies. 

A. T, R. Mettick. 

The National Institute for Research in Dairying, 
University of Reading, February 7th. 
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“The New Zealand Glow-worm,” 

Boletophila {Arachnocantpa) luminosa. 

(EIxtract from the Annals andf Magazine of Natural History, Ser. 9, vol. 17, 
p. 228, February 1926, and Ser. 9, vol. 18, p. 667, December 1926.) 

Mr. G. V. Hudson suirimarizes results of observations begun by him 
in January 1885 on New Zealand Glow-worms. He reared flies (both 
females) from the larvae in 1889 and 1890, description of the fly 
by Skuse, who named it Boletophila luminosa, appearing in Trans. 
N,Z, Inst., vol, 23, 1890, p. 47. The type-speeimen was deposited in 
the Australian Museum, Sydney, the other being retained in Mr. 
Hudson’s own collection. Another fly, again a female, was reared 
in September, 1926. Of this specimen, both the imago and pupal 
skin have been deposited in the British Museum. 

Details as regards the web spun by the larvae and the food 
captured by them were observed by Mr. A. Norris, a* pupil of Mr. 
Hudson’s, during the years 1892, 1893, and 1894, and a note sent 
by him to the Entomologists* Monthly Magazine appeared in Septem- 
ber 1894, p. 202. This note is as follows: — 

** I have observed the larvae in their natural haunts forming 
their webs, which consist of a kind of mucus, which is discharged 
from all parts of the body. If you take a larva from its web and 
put it on the ground, it will stay there until it has discharged enough 
of this mucus from which to slide out. Wherever it goes it leaves 
a mark in the same way as the snail. When the larva is making 
a fresh web, it raises its head and first four or five segments in 
the air, and reaches round about until it strikes something. It then 
draws its head back a little way, thus making a very fine thread of 
mucus. It then passes it to the thick mucus on the first segment, 
then slides out a little way, and makes another thread on the other 
side in the same way, fastening each to the thick mucus on the body. 
When it has made a sufficient number of these braces, it begins to 
make the strings of beads which hang downwards from these braces 
by gliding out of the braces, and lowering its head and about half 
the bod.\\ It then works its head and body up and down as if to 
vomit. You can see the mucus gathering on the body. Then it draws 
its head right back into the first two segments, as if it were turning 
inside out. It then catches hold of the mucus on the edge of the 
•segment, and forces it forward. Now the head is out straight, with 
a large drop of mucus all round it like a drop of water. Then it 
draws its head gently out of the mucus, thus making a short fine 
thread from it. It then makes another drop, and another short 
thread; then a drop, and so on, until it has made several of these 
pendants of beads, which may vary in length. I have seen them 
from one inch to four or five inches. I believe in caves, where there 
is no wind, they reach the length of two feet. At night, when the 
larva is shining, you can see the reflection of the light for a consider- 
able distance along the main thread or tube. When it is in a small 
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cave, the light also reflects on the pendants of beads, thus lighting 
up the whole of the cave. I call it the main tube, because the larva 
does not rest on the thread, but glides through it, which can easily 
be seen when the larva is in the centre of the thread, or tube, and 
tries to get out through the side. You can see it pushing, and 
moving its head about as if to break the side of the tube before it 
gets out. 

‘‘It is my belief that the web is formed to entangle insects, 
which are attracted by the light. 

“ The following arc ray reasons. I have frequently found small 
Diptera, Coleoptera, Lepidoptera, and a great many of the Crustacea 
entangled in the sticky web of the larva (which is very strong). I 
liave also noticed that several of the Coleoptera, when taken out of 
the webs, were hollow, showing that the interior had been extracted 
in some way. When the insects are alive, the larva may be seen 
smothering them with mucus. On the 17th February, 1894, I saw 
that one of the larvae had a crustacean in the web. The larva’s 
liead was thrust inside the shell of the crustacean, I at once used 
th(‘ lens, and could plainly see the mandibles working, and that the 
larva was eating the animal. I blew the web gently, when the larva 
at (iuce stopped eating, but proceeded again. Again I blew, but 
harder, when it at once retreated, taking the animal ])art, of the way 
with it. There are frequently fragments of insects to be seen stuck 
on the rocks at the sides of the webs, as if, when a larva had finished 
an insect, he turned it out of the web, and was ready for more. 

“The S and $ can easily be distingushed in the pupa. In 
llu* first place, the male is much smaller and not so stout as the $ , 
and the end of the $ abdomen is very abrupt. On the other hand, 
the 9 is much stouter, and the end of the abdomen comes to a point 
and has two small fans. Both larvae and pupae are luminous, the 
9 being so in all three stages. The $ is luminous in the pu])a until 
the last two or three days before it hatches. I have three males, and 
none of them was luminous in the imago. 

“Wellington, N.Z., May 1894.” 

Mr. Norris also observed that a hymenopterous insect, with an 
apterous female, Betyla fulva, Cameron, is parasitic on the N.Z. glow- 
worm (See Trans. N.Z. Inst., vol. 25, 1892, p. 164, and the Entomolog- 
ists' Monthly Mazaginc, November, 1892.) 

During Mr. Hudson’s 1926 investigations, the small flies he 
introduced, mostly Mycetophilidae, half a dozen at a time every three 
or four days, invariably disappeared, their remains being on several 
occasions detected in the webs or on the surface of stones close by. 
Mr. Hudson states: “ I have been able to observe the laivae at all 
hours of the night. The light is, as previously stated, always brighter 
on dark, warm, damp nights, but it is invariably at its brightest 
immediately before daybreak. I have noticed this on many occasions. 
I consider my latest observations absolutely prove that the larvae 
ain) carnivorous and that the light attracts, and the web entangles, 
the small flics on which the larva feeds. There was, in fact, practi- 
cally nothing else in the tank which could have sustained the larvae 
during the three and a half months they have been in captivity, and 
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the speedy disappearance of the numerous flies so frequently intro- 
duced further confirms this view/^ 

He has also detected the larva apparently feeding on the pupa : 
‘‘On several occasions I observed the head of the larva in contact 
with the pupa, but could not see if it was actually feeding on the 
same. During the last ten days, however, the pupa has gradually 
shrivelled ifp and it is now almost an empty skin, the larva having 
increased in size during the same interval. It is clear that the larva 
has fed upon the juices of the pupa, and, from the very close proxi- 
mity in which we always find the glow-worms in a state of nature, 
it is practically certain. that these cannibalistic habits must at times 
occur under naturals* conditions. ’ ’ 

He describes the emergence of the fly: — 

“ September 26th (1926). — Since my note of the 12th instant 
the pupa referred to has, at irregular intervals, emitted a strong 
light from its posterior extremity. On the morning of September 
24th the perfect fly emerged, a $ . During emergence the pupa 
assumes an almost horizontal position, and as the imago protrudes 
from the i)upa its head comes downwards, tlie thoracic attachment 
of the ])upjL acting as a fulcrum. First, the wings arc drawn clear, 
afterwards the legs. In the final stage of emergence the head of the 
imago is directed downwards, the tail of the pupa pointing slightly 
upwards, the pupal attachment occupying an intermediate position. 
When finally clear the imigo stands on the pu[)al skin, with the 
extremity of its abdomen still within the exuvia, the pupal skin 
resuming its original vertical position. 

“At 4 p.m. on the 24th I detached the exuvia from the rock, 
and removed it and the perfect insect into a small caterpillar cage. 
During the ensuing night the anal extremity of the fly was observed 
to be strongly luminous and apparently continuously so. 

Both the larva and the female fly emit the light; the organ 
emitting it being situated at the posterior end; it is concluded from 
experiment that the light of the larva is for the purpose of attracting 
insects; that of the female may be for sexual attraction. 

Further details and figures may be seen in the reference above, 
and in Hudson's Elementary Manual of New Zealand Entomology, 
1892. 
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The Orbit of the Comet 1927^. (Skjellerup). 

By P. \V. (tLOVER, New Plymouth Observatory. 


[Read before the Philo so phieal Institute of Canterbury (ith June, 1928; 
ie(e\veil bi/ Editor, 8th June, 1928; issued separately, 

ISth October, 1928.] 

Thekk havt‘ been many claims to the discovery of this comet, but 
unfortunately for the claimants, rejmrts were not sent to the nearest 
oliservatories till lonj^ after the news had ai)peared in the daily papers. 
1'h(‘ three first recorded observations were by Skjellerup — a veteran 
comet searcli(*r late of South Africa — at Melbourne, on Decemln*!* 
‘3.72J)2 (i.M.T., for which the observed position was Kill. 12m. 12s. 
Kif»‘ht Ascension, and 5.*]' 57' South Declination; by Khind at New 
Plymoutli, on December 4.6589, when the ])osition by sextant was 16h. 
17m. H.A., and 52^ 45' S. Dec., and liy Maristany at l^a Plata, who 
»ave for its position on December 6.0250 (I.M.T. as Kill. 27m. R.A., 
50^ 00' S. Dec. It was i*einarkable that such a brilliant comet as 
this haiipmied to Ih‘, should have been so badly situated for observa- 
tion; and, iiide(‘d, Professor van Biesbro(‘ck^^ ^ considered it to hav(‘ 
(*ome vei’.v clos(‘ to fulfillinj? those ^geometrical conditions which 
would have rendered its observation imiiossilile. Apart from this, 
it was found impossible to make* mici’ometric measures of the ]>ositio:i, 
and so the eai'ly olisi'rvations, with three exceptions, consisted merely 
of circk‘ readings corr(‘ct(*d for index error and refraction. Of the 
thre(‘ i‘xce|)tions mentioned, two were the observations liy McIntosh at 
Auckland with a fourteen-inch reflectinj^ telescope, the other belli" 
Khind 's sextant observation. Mr. McIntosh made careful drawdiif^s 
of the |)Osition of tlie comet with resjK'ct to a numliei* of small 
stars (between the 8th and 10th ma"uitude) in the field. For his 
observation on Dt'cemlier 5.6458 (i.M.T., the stars were identified 
in the Oa])e Photoj^raphic Durchmusteruii" by Dr. Orommeliid-^ 
wdu) ^ave for the ])Osition of the comet at that time, R.A. = I6h. 
27m. Os., Dec. -- -- 5D 10' for the ecjuinox 1927.0; the error of 
wdiich is not "reat(‘r than 5 minutes of f'reat circle. The other obser- 
vation — Dec. 6.6715 (J.M.T., was similarly reduced by Dr. Adams, 
who "ave for the ]K)sition at that time R.A. = 16h. 55m. 55s., Dec. == 
— 49'’ 14.5' for the e<iuinox 1928.0. The previous observation 
reduced to the ecpiinox 1928.0 became R.A. == 16h. 26ni. 52s. Dec. 

— 51^^’ 9.6'. These WH‘re ])robably the two most reliable early obser- 
vations, though they wH‘r(% of course, subject to errors in drawiu" 
and in scalinji:. In general, then, the observations of the comet in 
1927 were characterized by the follow inf( defects; — 

(1) Bad situation. 


(1) van Blesbroeck, Prof. G., “Comet Notes," Popular Astronomy, Feb. 

1928. 

(2) Cromir^elin, Dr. A. C. D., B.A.A, Journal, vol. 38 No. 4, pp. 124-125, 

1928. 
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(2) liii])()ssil)ili1y ol* obtainiiij]^ inieronietri(* measures. These 
two defeets made it most difficult to compute a really satisfactory 
(>T‘bit for the comet fi*om tliose o))servatious. 

At ail early date it was thouj^ht that this comet mijjfht be the 
very overdue (Vmiet 1846, IV (De Vico), which was ex])ected to 
1 ‘i‘luni towards the eud of 1921. The elements of the orbit of that 
comet, as com])uted by Von lle])|)er^(‘r, w^ere 

1’ - 1846, March r).r)r)2 Paris Miviu Tiiiu*, 
o> = 12"’ 53' 27" ) 
il = 77^ 33' 16" ^ 1846.0 
i = 85" 06' 27" ) 

(| — 0.66380 
e - 0.96291 
Period 75.7 years. 

The similarity of the jdaiies of the orbits of thes(‘ two comets,, 
as defined by tin* inclination to the plane of the ecliptic, and by tlu- 
lonj’-itudc^ of th(‘ a.scendin^ node, is very remarkable, but it will bi^ 
seen by ins])ectinj^ the orbits fjjiven below for the comet 1927k, that 
tlu* dissimilarity in other respects is too ji^reat to justify any s])ecu- 
lations on the ])robability of an identity between the tw^o comets. 


SPKCTltOSCOPIC OBSERVATIONS. 

At the JjowtII Observatory, Dr. V. ^I. Sli])lier obtained a lonj^ 
series of hi^h disi)ersion spectrof^rams of the ('omet on I)i‘ceml)(‘r 
16th, 17tli, 18th, and 19th. On the 16th the s])ectrum of the ('oim^t 
was the solar spectrum only, indicating? that the coimd wais whollx 
illuminated by reflected sunlif?ht, and none of th(‘ usual com(‘t emis- 
sion bands, c.g., those at ‘5635, 5165, 4737, 4715, 4698, 8685, 4382, 
4371, 4365, 3914, and 3883, could be smi or plioto‘?raj)hed. On 
the 17th, the Sodium lines 5895.93, 5889.97 wer(‘ ])ri^ht thou{?h 
not stronpf, but these continued to increas(‘ both in brightness and 
stnm^th as the comet approached perihelion. 

From the shift of the Sodium Hmmission lines 1)1, 1)2, Dr. 
Sliphei’ concluded a jmsitive radial v(*locity — i.e., a viflocity of 
rec(‘ssion from the observin’ — of 60 miles per second for DeiTinber 
19th, which was almost identical with that indicated by th(‘ cornjmted 
07’bits, and w^as thus a hij?hly satisfactory result. 

A cof)y of th(‘ sf)ectroj?ram taken at the Lowcfll ()l)servatory at 
midday on D(‘cernber 19th, which Dr. Sli [flier has bo(*n kind (mouf?h 
to send to me, showed the comet sjK^ctrum on a sky spectrum back- 
ground, together wdth the Sodium and the Iron spark spectra for 
comparison. The Sodium 1) lines wer(‘ very strong?’ and bripfht. 

It is well known that the metallic lines are strengthened, and 
the carbon bands weakened, as a comet approaches the sun, and thi^ 
18 the most ])robable explanation of the absence of the usual carbon 
bands in the sj>ectrum of this comet. 

13i(‘ comet w^as also photographed there in red light at midday 
on s(‘veral occasions. 
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A new line of research was undertaken by Mr. Ijainpland, of tlie 
Lowell Observatory, who, with the aid of the 42-inch rcfloeting tele- 
scoi)e, and lu‘at-ineasuring ai)paratiis, was able to observe the heat 
radiations of the comet. This is the first time that sudi m(‘asiire- 
iiu‘nts have been ap])lied to (*omets. 


11 ii: OllSERVA TICKS. 

Following is a list of the observations of the positions of the 
Comet 1927k, covering the whole period of its visibility during 1927. 
There is, however, one serious gap in the catalogue; not a single 
observation was obtained between December 10.3507 (bM.T. and 
December 1G.2708 G.M.T. It is thus difficult to interpolate with any 
great accuracy over the intervening period of six days. 

Th(‘ positions ITom La Plata, Santiago, Bergedorf, Wien, Sonne- 
berg, and Babelsberg are mainly those published in the Beohachtungs- 
ZirkuJar. Those from Verkes, Washington, and Whitin are from 
PopuUir Astronomy and those from Kodaikanal WTre jiublished in 
the Monthly Notias of ih( Royal Aslronomual Society. For the 
New^ Zealand observations 1 have to thank the observer. Dr. i\ E. 
Adams, Dominion Astronomer, and for additional observations from 
the Hamburger Sternw^arte* (B(Tgedorf), I have to thank the director, 
Professor Dr. Schorr. 

At discovery, the comet s magnitude was estimated at 3 by 
SkjelleiTip; that was on December 3rd. On l>ecember Gth, Marislany 
at La Plata gave tin* magnitude as 2, and by the 7th its magnitude 
had inciHiised to 1, at which lime the tail was about 3 degrees in 
length. On December IGth, after the comet had passed out of our 
southern night skies, it was seen with the unaided naked eye by Dr. 
11. Wornej‘^‘^> of the llanov(*r Flugwetterw^arte, about 7 degret*s north 
of the sun, and on the following day, it was seen at the Hamburger 
Sternwmrte, Bergedorf^'^b about 8 degrees north of the sun, and 
having a tail about 3 degrei's long. The Bergedorf observers 
estimated the nucleus to have then been of the 1st magnitude. On 
the lf)th, Mulku’, of the lh)tsdam 0])servatory estimated it to be 
of tlu‘ 1st magnitude. At the same time, Hoffiueister, of the Sonne- 
berg Observator> estimated it to be of the 1st magnitude, and ga\t‘ 
the length of the tail as about 8 degrees. Dr. (h’ommelin^'''^ estimated 
that the gj*eatest magnitudi' could not have been much less than 
- 10, certainly<'‘^ it w^as not less than — 6. By December 21st, tin' 
magnitude had dropped^"^ to 2.8, and by the 24tlP^^ it was down 
to 3 again and getting fainter. 

The following is the (*atalogue of the observations of the comet 
during Deci'inbcr 1927 :-~ 

(3) Beol)avlitunffs-Ztrkular, Nr. 43, 1927. 

(4) Bocbachtungs-Zirkular Nr. 44. 1927. 

(5) Crommelin, Dr., Journal, B.A.A., vol. 38, Nr. 3, 1928. 

(6) Nature, 1928, Jan. 21. p. 313. 

(7) Beobachtinigs-Zirknlar, Nr. 43, 1927. 

(8) Van Biesbroeck, Prof. G., “Comet Notes,” Popular Astronomy, 1928, 

February. 
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For the purpose of comparing the various orbits which have 
been suggested, and for investigating with what degree of accuracy 
they fitted the observations, I plotted these observations, and from 
the graph so obtained, scaled off approximate positions at 8 day 
intervals from December 4th to December 28th. 


Approximate Positions Scaled from Diagram. 


Date. 

R A. 

Dec. 

December, 1927. 

4.0 

16h. 

14m. 

— - SS** 40' 

12.0 

1 17h. 

15m. 

— 35® 30' 

20.0 

! 17h. 

47m. 

— 12® 10' 

28.0 

18h. 

00m. 

-- 13® 20' 


These positions were only approximate, but it should be borne 
in mind that the original observations were liable to errors of 0.1 
minute in riglit ascension and of 3 or 4 minutes or more in declina- 
tion. 


THE ORBIT. 


(a) The first orbit published was that by Wood, of Johannes- 
burg, as follows: — 


T = 1927, Dec. 
tu 323° 29' 
Ml = 79° 20' 
i = 72° 10' 
q = 0.6058 


1.192 aM.T. 
1927.0 


This orbit was necessarily computed from a very short arc, as 
it was issued from Copenhagen on December 12th. The above 
elements gave rise to the following Ephemeris: — 


Date. 

j K A. 

Deo. 


December, 1027. 

4.0 1 




16h. 14m. 

— 53® 

50' 

10.0 

1711. 3m. 

— 41® 

10' 

22.0 , 

18h. 40m. 

+ 14® 

8' 

30.0 

19h. 23m. 

+ 36® 

52' 


It will be seen immediately that although the early observations 
were satisfied by this, the errors soon became exceedingly great. 

The next orbit published was by Dawson, of La Plata, who gave 
the following elements: — 

T = 1927, Dec. 18.200 G.M.T. 

cu =* 20° 58' 

n = 78° 43' 1- 1927.0 
i == 82° 41' 
q 0.3230 
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This was also from a short arc, for it was distributed from 
Copenhagen on December 19th. From these elements, the following 
Ephemeris was constructed: — 


Date. 

R.A. 


Deo 


December, 1027 

4.0 

1 

16h. 

15in. 


— 53® 

35' 

10.0 

17h. 

3m. 


— 41® 

21' 

20.0 

17h. 

54m. 


— 8® 

59' 

28.0 

18h. 

11m. 


— 1® 

40' 


This was a little nearer the truth than the orbit by Wood, but 
although the early observations were satisfied, the errors were far 
too great to give a satisfactory agreement with the later observations. 

An orbit published about the same date by myself from three 
observations by Dr. Adams on the 8th, 9th, and 10th December, and 
which was admittedely in error, was: — 

T = 1927, Nov. 28.403 (4.M.T. 
c, = 815^ 47' ) 

SI =- 80° 20' 1927.0 

i _ 67° 44' i 

q 0.5963 

It satisfied the original observations in some measure (e.g., for 
Dec. 4.0, R.A. 16h. 20m., Dec. = — 53° 1'), but the errors soon 
became too great. 

These three preliminary orbits suffered from three bad faults. 

(1) They were computed from short arcs. This is the unavoid- 
able defect of any preliminary orbit. 

(2) They differed considerably among themselves, chiefly in — 

(a) Date of Perihelion, 

(h) Argument of Perihelion, 

(c) Perihelion distance. 

(3) They entirely tailed to represent in any measure the later 
observations. 

(6) The next orbit published was by Dr. Crommelin^®^ and w^as 
a vast im])rovement on any previous one. His elements were as 
follows : — 

T = 1927, Dec. 18.61 (J.M.T. 
a> =. 42° 56' ) 

a == 81° 19' I 1927.0 
i = 83° 52' I 
q == 0.1822 

These elements gave the following Ephemeris, which was in very 
much better agreement with observation than were any of the pre- 
viously published orbits: — 


(9) Crommelin, Dr. A. C. D., Journal 5.A.A., vol. 38. Nr. 3. 
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R.A. 



Deccnihcr, 1927. 

4.0 


16h. 

12m. 

— 54^* 

15' 

12.0 


17h. 

10m. 

— 37* 

8' 

20.0 


17hw 

45m. 

— 12* 

32' 

28.0 

1 

17h. 

57m. 

— 11* 

30' 


The greatest weakness about this was the fact that the declina- 
tions were too great in the carl}’- part, and too small in the latter 
part. This, however, was the first orbit to represent the whole scries 
of observations with any degree of accuracy at all. 

(c) As was to be expected, tlie elements computed from longer 
arcs gave much more satisfactory results. 

Van Biesbroeck computed the following elements from observa- 
tions made at Yerkes Observatory, Williams Bay^^®^ : — 

T -= 1927, December 18.360 O.M.T. 

(O = 48° 38' ) 

il = 11^ 12' r 1927.0 

i = 84° 48' I 

q = 0.1793. 

For an Epheraeris using the method of Dr. Adams and Dr. 
Oromuielin^^^^ these elements gave: — 

X === + 0.01436 (1 — tan^ 1) — 0.08057 tan i 

y + 0.05521 (1 — tan^ 1) — 0.33032 tan 

z == + 0.16998 (1 — tan^ + 0.11407 tan I 

whence the following Ephemeris; — 

Date ' U A. Dec. 


Deceinhei, 19l»7 


4.0 

16h. 

13m. 

— 54* 

9' 

12.0 

17h. 

15m. . 

— 35° 

4' 

20.0 , 

17h. 

46m. 

— 12* 

14' 

28.0 

18h. 

00m. 

— 13* 

15' 


which was in a fairly good agreement with the observed positions. 

A w'cond orbit was comi)uted by Dr. Crommelin'’“* using obser- 
\atioiis from December 3rd to 13ccember 20th, and was as follows : — 

T = 1927, Dec. 18.008 (l.M.T. 
o) = 46° 9.7' 1 

U == 76° 25.2' ' 1927.0 

i = 85° 27.2' ) 
q = 0.1724 

(10) Van Biesbroeck, Prof. G., '‘Comet Notes,” Popular Astronomy, 1928, 

February. 

(11) Adams, Dr. C. E., “Calculation of a Comet's Co-ordinates,” Journal 

B.A.A., vol. 32, Nr. 6, p. 231, and Crommelin, Dr., “Simplifica- 
tion of the Computation of an Ephemeris of a Comet moving in 
a Parabola,” ibid, Nr. 8, p. 305. 

(12) Crommelin, Dr. A. C. D., Journal B,A,A,, vol. 38, Nr. 4 (1928), p. 

125, also Nature, 1928, January 21, p. 113. 
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For an Ephemeris these gave: — 

f- 0.01846 (1 — tan* — 0.07680 tan ^ 

y _ + 0.05932 (1 — tan* — 0.31241 tan ^ 

z = + 0.16081 (1 ~ tan* |) + 0.12406 tan J 

from which the following Ephemeris: — 


Date 

1 K A i 

Dec. 


Decembei, 1927. 

4.0 

16h. 

14m. 

— • 53* 

34' 

12.0 

17h. 

16m. 

— 35* 

12' 

20.0 

17h. 

46m. 

— 12* 

15' 

28.0 

17h. 

59m. 

1 

— 13* 

17' 


This was in good agreement with the observed places; in better 
agreement in fact than are the calculated jdaces from van lliesbroeek 's 
orbit. For eonvenienee, this orbit will be referred to as “Crommelin 
II,’’ to distinguish it from Crommelin ’s preliminary orbit. 

A third orbit was computed by the writer from observations 
OA’cr the i)eriod December 8th to December 24th. This will be 
referred to as “Glover II, ’’ as distinct from the preliminary orbit 
by the same compute!-. The elements of this were: — 

T = 1927, Dec. 18.390 G.M.T. 

0, =. 47‘ 48' 1 
12 =. 77' 49' ' 1927.0 

i = 84° 06' ) 
q 0.17.50 

I'rom which, for an Eidiemeris: — 

X == + 0.01178 (1 — tan* — 0.078,34 tan 

y = + 0.0,5672 (1 — tan* 1) — 0.32086 tan ^ 

z •= +0.16513 (.1 — tan* ',) + 0.11581 tan 

which gave the following: — 


Date 

K A 

TH'c 


December, 1027 

4.0 

16h. 

15m. 

O 

1 

1 

18' 

12.0 

17h, 

15m. 

— 36* 

43' 

20.0 

17h. 

46m. 

— 12* 

29' 

28.0 

18h. 

00m. 

— 13* 

26' 


These values did not fit the observations so well as did those 
from the orbits by van Biesbroeck and Crommelin. 
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A comparigon of the orbits was made by considering the 0-C 
residuals of the places computed from each. These residuals were 
as follows, the sign of the declination being taken into account: — 



Dec. 4 0 

Dec. 12 0 

Dec. 20.0 

Dec. 28 0 

Orbit 

0-C in 

O-C 

' in 

0-0 in 

0-0 in 


K.A. ' 

1 

Dec 

K.A. 

Dec. 

R..A. 

Dec. 

R. 4. 

Dec. 


m. 

1 

1 m. 

1 

in 

1 ' 

1 

m. 

» 

Crommelin II , 

—1 

!- « 

-f 1 

Lift 

+ 1 

, 0 

—1 

—3 

van Biesbroeck 

f 1 


0 

-20 

4-1 


0 

--5 

Glover II 

—1 

4 38 

0 

+ 73 

f 1 

' + 14 

0 1 

+-G 


The outstanding feature of these residuals was that for the 
declinations they were unduly large. Prom the nature of the obser- 
vations one would not expect a remarkably good result, for in 
declination the circle readings could be as much as 5 minutes in 
error. It was evident, though, that the elements were still in need 
of adjustment in order to make the agreement in declination more 
satisfactory. The residuals for each individual orbit were then con- 
sidered. 

1. Glover II. — The residuals in right ascension were quite satis- 
factory compai*ed with those for the two other orbits, but in declina- 
tion the residuals were much greater than is the case for Grommelin’s 
orbit or van Biesbroeck^s orbit. We thus disposed of this orbit as 
being the least satisfactory of the three. 

2. van Biesbroeck. — With regard to the right ascension residuals, 
the same remarks as for the preceding applied. With regard to the 
residuals in declination, these were a considerable improvement on 
those from the preceding, but were not so good as those from Crom- 
melin^s orbit. 

3. Crommelin II. — The residuals in right ascension were as satis- 
factory as those from the two preceding eases, when we considered 
that the value scaled from the graph for December 12.0 was inter- 
polated in an interval of 6 days, throughout which recorded observa- 
tions were entirely lacking, and that for December 28.0 was extra- 
polated. Further, the residuals in declination, although by no means 
good, were decidedly better than in either of the two preceding cases. 

It was justifiable then to rule out the orbits by van Biesbroeck 
and by Glover, as being the least satisfactory, and in retaining 
Crommelin s second orbit as being, though not good, at least the best 
orbit published up till that time. 

I should like here to appeal to amateur astronomers in New 
Zealand to take up computational work, as it is an invaluable asset 
to be able to get out an approximate orbit, or ephemeris, instead of 
having to wait for one to come from England or Copenhagen. The 
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standard English and foreign^^^^ treatises may be difficult, but 
I recommend to the amateur, with the confidence of experience, the 
remarkably easy method of Merton Apart from Merton’s paper, 
one requires only a set of 7 figure logarithmic and trigonometric 
tables and a Nautical Almanac. Dr. Merton’s method is equally 
well adapted to both machine and logarithmic calculation. The work 
is not difficult, in spite of the popular superstition to the contrary. 

In New Zealand the computing of Ephemerides and Orbits is 
left in the hands of about two people; a highly unsatisfactory state 
of affairs. 

Returning to our consideration of the orbit of the Comet 1927k. 
I have shown that the best sc^t of elements computed during the early 
stages of the investigation was that by Dr. Crommelin, and I give 
l)elow the extended Ephemeris based on those elements. 


THE EXTENDED EPHEMERIS. 

The following Ephemeris is based on Crommelin ’s second set of 
ehmients, and proved to be a fair representation of the course of the 
comet. 




n A 




102S 


Jan. 

24.0 

18h. 

37m. 

I — 22® 

35' 

Feb. 

9.0 

18h. 

54m. 

— 26® 

20' 

Feb. 

25.0 

19h. 

6m. 

— 29® 

46' 

Mch. 

12.0 

19h. 

13m. 

— 33® 

10' 

Mch. 

28.0 

19h. 

12m. 

i — 37® 

0' 

May 

31.0 

17h. 

18ni. 

1 

cn 

o 

o 

23' 


After the bulk of this paper had been prepared, a considerable 
amount of information in the nature of additional observations and 
orbital elements came to hand. 


(13) Plummer, H. C., 1918, Dynamical Astronomy, Cambridge University 

Press. 

Watson, J. C., 1900, Theoretical Astronomy, Philadelphia, Lippim 
cott Co. 

Moulton, F. R., 1914, Celestial Mechanics, New York, Macmillan Co. 

(14) Bauschinger, Julius, Bahnhestimmung dcr Himmelskdrper, Leipzig, 

W. Engelmann, Zweite AuRage, 1928. 

Valentiner, W., Handiodrterbiich der Astronomic, Leipzig: J. A. 
Barth, 1902 (Band 4) and Breslau, E. Trewendt, 1901 (Bande 
1, 2, 3). 

von Oppolzer, Th., Lehrhuch zur Bahnhestimmung dcr Kometen 
und Planeten. Leipzig, W. Engelmann, 1882. There is a French 
edition Traits de la DStermination des Orbites des Comites ct 
des Plandtes, Paris, Gauthier-Villars, 1886. 

Klinkerfues, W., Thcoretischen Astronomic Braunschweig, F. 
Vieweg, 1912. 

(15) Merton, G., A Modification of Gauss*s Method for the Determina- 

tion of Orbits, M.N.R.A.S., vol. 85, Nr. 8. 
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The additional observations were : — 


Date. 

Rii^ht 

Ascension. 

South Declination. 

Observatory. 

December, 1927. 

h. 

m. 

1 

s. 1 

0 

f 

St 


6.106 

16 

20 

30 j 

50 

22 


Johannesburg 

8.3279 

16 

48 

28 

45 

37 

12 

La Plata 

9.121 

16 

55 

48 

43 

44 


Johannesburg 

21.5986 

17 

48 

48 

11 

24 


Turku 

21.6118 

17 

48 

52 

11 

25 

54 

Turku* 

22.2910 

17 

50 

6 

11 

21 


Turku 

25.2681 

17 

55 

18 

1 12 

2 


Turku 

February, 1928. 
10.12425 

18 

57 

36.90 

1 

1 26 

47 

36.2 

Capet 

11.08398 

18 

58 

31.01 

1 27 

00 

13.3 

Johannesburgt 

11.11875 

18 

58 

32.77 1 

27 

00 

43.7 

Capet 

13.12091 

19 

00 

21.70 1 

27 

26 

47.9 

Capet 

23.32042 

19 

06 

40.8 1 

29 

40 

23 

La Plata§ 

24.09735 

19 

08 

59.28 

29 

47 

38.1 

Johannesburgt 

29.11940 

19 

12 

06.07 

30 

52 

12.0 

Capet 

March, 1928. 
3.30480 

19 

11 

59.0 

31 

36 

39 

La Plata§ 

21.30243 

19 

16 

25.6 

35 

44 

57 

La P1ata§ 


Three additional orbits have come from America (sec L.O. Bull. 
.395, and Puhl. A.S.P., XL, 233) and are given below. 

1. T 1927 Dec. 19.363 G.M.T. 

«) 57° 26' 1 

J2 .. .. 73° 33' } 1927.0 

i 83° 5' I 

q 0.1924 

Computer: Dr. Smiley. 

Reference; Publ. A.S.P. XL, 233. 

This orbit was not a very satisfactory one, and gave poor 
-residuals. 


2. T 1927 Dec. 17.7. 

0. 31° 24' 'I 

J] 81° 24' i 1927.0 

i 85° 48' j 

q 0.173 

Computer: Makemson. 

Reference: Puhl. A..S'.P., XL 233. 

This was not a satisfactory orbit. The value of u was too 
small, and of fi too large. The residuals were unsatisfactory. 


* Sextant observation. 

tUeferred to mean equinox 1028.0. 

iReferreil to mean equinox 1000.0. 
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3. T 1927 Dec. 18.1162 G.M.T. 

46® 40' 46">i 46® 40' 46"^ 

n 77® 13' 32" [1928.0 77® 12' 42" [ 1927.0 

i 85® 12' 41" j 85® 12' 41" j 

q 0.17524 

Computers: Mayall and Whipple. 

Reference : L.O.B. 395 and Puhl, A./8.P. XL, 233. 

This was a fairly good orbit giving reasonable residuals, l)ut 
it was not as good as a more recent orbit computed by Dr. Crommelin 
given below: — 


T 1927 Dee. 18.1671 G.M.T. 

fa) 47° 8.82'1 

(2 77® 14.90' [ 1927.0 

i 85® 12.81' J 

q 0.176112 


This orbit was computed from normal places for Dec. 5th and 
21st, and with an observation from South Africa on Feb. lltli. It 
is decidedly the best and most reliable orbit so far obtained. The 
Gaussian equations for the coordinates are : — 

X = 0.23524 r sin (v + 157® 22.20') 

y = 0,97201 r sin (v + 160® 8.32') 

z == 0.99993 r sin (v + 69® 59.14') 

for the mean equinox and equator 1927.0. 

Dr. Adams very kindly sent me an Bphemeris by Dr. Crommelin 
based on the above, from April 25th to May 19th. 

G.M.T. 1028 1 U.A 


Apr. 25.0 

18h. 

52m. 

33s. 

— 44® 

56' 

May 3,0 

18h, 

38m. 

3s. 

— 47® 

1' 

May 11.0 ' 

18h. 

20m. 

128. 

— 48® 

5r 

May 19.0 

17h. 

59m. 

29s. 

— 50® 

18' 

to which I have added 

: — 





May 31.0 1 

1 17h, 

24m. 

26s. ^ 

i 

to 

o 

21' 


For this latter position, the logarithm of the radius-vector was 
0.4997 and the logarithm of the geocentric distance was 0.3315. 

From the approximate formula^^®^ connecting the brightness of 
a comet at two times when radii vcctores and geocentric distances 
arc known, I found that in May the comet should have lieen of about 
the 8th or 9th magnitude, at which time it was in the constellation 
Corona Australis. 

A comparison with the observed places given above shows that 
the latest elements computed by Dr. Crommelin (see the last of the 

(16) Traylor, M. C., Popular Astronomy, 86, 342, 1901. 
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third lot of additional orbits preceding) are a very good representa- 
tion of the movements of the comet, and indeed the most accurate 
yet calculated. 

This description of the attempts to define the motions of the 
Comet 1927k would be incomplete without reference to an orbit 
which did not reach me until after this paper had been read. It 
is by Dr. Cronunelin^^^^ and represents the observational data from 
1927, Dec. 6 to 1928 March 31 within 2 seconds of arc, and is thus 
the most accurate description of the comet ^s motion yet obtained. 
The elements of this orbit are as follow : — 

T -= 1927 Dec. 18.18,340 G.M.T. 

,0 = 47^ 11' 13.24") 
il = 77^^ 13' 29.62" I 1927.0 
i == 8,5° 6' 22.01" j 
q = 0.1763108. 

The smallness of the residuals from this orbit show tliat there 
is practically no sensible deviation from the parabola. 

In conclusion, I wish to record my thanks to Dr. C. E. Adams, 
Dominion Astronomer, who has kept me well supplied with all the 
latest information from abroad regarding the comet, and who was 
kind enough to supply me with a copy of a tabh^ he is preparing 
for the solution of Euler ^s Equation for the parabola, which table 
is a considerable improvement on the tables by Bauschinger and by 
Watson, especially when the computing is done on a machine. My 
thanks are also due to Dr. V. M. Slipher, of the Lowell Observatory, 
for a photograph and spectrogram of the Comet, to Professor Dr. 
Schorr, Director of the Hamburger Sternwarte, for a catalogue of 
the observations made there, to my friend, Prof. C. Coleridge Farr, 
D.Sc., P.B.S., for reading this paper for me during my unavoidable 
absence from Christchurch, and to Dr. Hartmann for the La Plata 
observations. 

Christchurch, 

May 10th, 1928. 


(17) M.N., R.A.S., vol. 88, Nr. 7, May 1928, and Journal B.A.A., vol. 
Nr. 7, June 1928. 
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The Male Genitalia of the New Zealand Tortricidae. 

By AiiPBED Philpott, Hon. Research Student in Lepidoptera, 
Cawthron Institute, Nelson. 

IRead before the Nelson Philosophical Society, ith July, 1928; received by 
Editor, 6th July, 1928; issued separately, 

16th November, 1928,'\ 

The named Tortricidae of the world probably now comprise between 
1,300 and 1,400 species. To this total New Zealand contributes rather 
more than 100 forms, all but a few of the 112 described species on 
our list being endemic. Taking the number of known (named) 
insects in the world as 471,000 (see Tillyard, Insects of Australia and 
New Zealand, p. 8),. we find that the Lepidoptera represent about 
19.5 per cent, of that total. The number of Tortricidae now listed 
being set down as 1,350 (Meyrick, Genera Insectorum, 1913, tabulates 
1,031 species) gives the per centage of this family to the whole of 
the Order as about 1.5 The ])roportion of New Zealand Tortrieids 
to the total New Zealand Lepidoptera is about 8 per cent., thus 
showing that the family is quite well represented specifically. Of 
the 15 genera found in New Zealand seven are endemic, namely, 
Ochetarcha Meyrick, Eurythecta Mejrriek, Ascerodes Mcyrick, Epalxi- 
phora Meyrick, Gelophmla Meyrick, EccUtica Mcyrick, and Philo- 
cryptica Meyrick, three, Capua Stephens, Tortrix Linnaeus and 
Cnephasia Curtis, arc practically cosmopolitan, and the remainder 
chiefly of Australian and New Zealand distribution. 

During the courae of the present study it has become apparent 
that several species have been heretofore misplaced gcnerically; the 
necessary nomenclatural changes will be indicated in the body of 
the paper and will be more formally dealt with in a descriptive paper 
appearing elsewhere in this volume. 

Genitalia Characters of the Family. 

The most recent text-book dealing with the Lepidoptera (Till- 
yard, The Insects of Australia and New Zealand, 1926) treats the 
Tortricid groups as forming a section of the super-family Tineoidea. 
The male genitalia of the Tortrieids arc, however, of so different a 
type from those of the Tineoids proper that there seems to be sufficient 
reason for bestowing on them super-family rank. The development 
of the socii and transtilla, with the hinged aedeagus, are the chief 
characters which serve to distinguish the Tortrieids, though with the 
exception of the last mentioned these are not invariably present. 
The eighth segment is normally unmodified, but occasionally, as in 
A seer odea, the tergite may be clothed dorsally with long hair-scales 
which project above the tegumen. The tegumen is usually moderately 
broad and does not fuse with the vinculum, but connects mem- 
branously with the upper basal angles of the harpes, its lateral 
extremities being suddenly narrowed and slightly incurved. The 
uncus is small to moderately large, thus offering a distinction from 
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the Buscosmidac, where this organ is usually absent or very weakly 
developed. In the Tortricidae the part is always more or less bent 
downwards, sometimes almost at right angles ; frequently it is dilated 
apically and more or less indented; occasionally it is so expanded 
laterally as to become battledore-shaped. Almost invariably the 
lateral apical areas of the uncus are clothed with short stiif hairs 
beneath. The socii are normally well developed though occasionally 
vestigial. They are most commonly long, narrow, and somewhat 
drooping, but in some species they form rounded or reniform plates. 
They arc always covered with long, thin, backwardly-directed hair. 
The gnathos is, for the most part, uniform in shape, being more or 
less foot-like from a lateral view, an appearance caused by the pair 
of arms meeting on the meson, fusing, and turning sharply caudad. 
The aedeagus is generally fairly stout and more or less curved or 


bent ; the ancllus projects beneath and connect^ with the rounded or 
shield-shaped juxta, thus forming the cardinale or “ hinged” 
aedeagus of Pierce (The Genitalia of the British Tortricidae, xviii). 
Oornuti art* frequently present, but as Pierce states (op. cit., xx) 
that these are in some instances deciduous, care must be exercised 


in using them as a svstemalic character .Further, as they are 
attached to the i)enis (apical portion of the ductus ejaculatorius) 
which is capable of movement within the aedeagus, the position of 
eorauti as shown in figures must not be given much weight.' The 
orifice of the aedeagus is not usuallv completely apical, but extends 
for some distance down the right side. The liarpcs are invariably 
broad and usually simple ; the sacculus is nearly always defined, but 
is seldom ai)ically free except for a very short distance. The outer 
surface is^ usually thickly scaled and the inner surface clothed more 
or less with rather weak hair; stout spines are not present. The 
transtilla is not here an extension of the costal angle of the harpe, 
but is composed of a pair of chitinous processes arising just caudad 
of it. These expand into angular plates which bear series of small 
spines and project above the aedeagus, meeting on the meson and 
being either membranously connected or completely fused there. The 
vinculum is greatly reduced, being only a narrow strip of chitin with 
the saccus undeveloped; the arms do not usually meet the arms of 
the tegumen, but are more or less firmly attached to the bases of 
the harpes. A peculiar development occurs in some genera, the basal 
part of the vinculum being dechitinised and the lateral pieces con- 
nected by membrane only. Pierce (op. cit. xviii) notes the same 
. fracture in certain Phaloniidae and suggests that the condition 
indicates that the yinculiim is “really a development of the two 
projections which hinge the body segments together and which are 
so conspicuously developed in the anal segments of the female ” It 
IS not clear what “projections” are here referred to but to the 

thatThf'W^’'^^^^*^^" vinculum is the ninth ’sternite and 

j are simply the lateral portions thereof, these being 

the tcgumcn (9th tergite), while 

the ventral area has become membranous. 
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Genitalia Characters op the Genera and Species. 
Ochetaorcha Meyrick. 

Monotypic. Endemic. Only a few examples of this interesting 
form have been taken and I have been unable to examine the genitalia. 


Onephasia Curtis. (Figs. 1 to 7.) 

A large genus; practically cosmopolitan. Ten New Zealand 
species have been described, of which seven have been available for 
dissection. 

Tegumen small to moderate ; uncus usually thin and sharply bent, 
never, except in la tow ana, dilated apically. Socii small and narrow 
(in latomana vestigial) or dilated into a rounded x>iate covered with 
long hair, Gnathos normal, porrect, except in imhriferana, where it 
is reduced and merges with the anal tube. Aedeagus short to moder- 
ately long, moderately curved or sinuate, pointed or subtruncate. 
Anellus and juxta normal. llari)es broad, not much narrowed 
aj)ically; transtilla a plain or lobed band In^aring minute s])ines. 
Vinculum much reduced, short and narrow. 

Considered on the genitalia characters, the species do not form 
a closely j’olated assemldage. Laiomana, imhriferniui and microhathra 
are all more or less isolated, jactatana and inccssana form a more 
nearly rtdated ])air, while sphemas and fa.stigata ( foianerly placed in 
Toririx) exhibit more affinity than any of the others. 


KEY TO THE SPECIES OF C^F^PHAHIA. 


1 Socii large, rounded or apically dilated 

Socii small, vestigial, finger-like or short and rounded 

2. Uncus very narrow, pointed; socii covered with dense 

long hail’s 

Uncus much broader, apex rounded; socii moderately 
haired 

3. Harpes pointed at ape\ 

Harpes subtruncate at apex 

4. Uncus very narrow on dorsal view; socii very short 

but broad 

Uncus moderate or very broad on dorsal view 

5. Uncus very broad; socii vestigial 
Uncus moderately broad 

*6. Socii very short; juxta with apices rather produced; 
lobes of transtilla rounded 
Socii moderately long; juxta with apices not produced; 
lobes of transtilla somewhat angular 


2 . 

4 . 

3 . 

microhathra 

jactatana, 

tnccsbuna. 

imhriferana. 

5 . 

latomana, 

6 . 


sphemas. 

fastigata. 


Harmologa Meyrick. (Pigs. 8 to 17.) 

A rather small genus, most numerous in New Zealand, but with 
a few Australian and Indian siiecies and one in North America. 
Thirteen New Zealand species have been described, ten of wdiieh are 
here dealt with. 

Tegumen moderate to broad ; uncus moderate to very broad, apex 
frequently more or less indented. Socii generally small or vestigial. 
Gnathos normal or with projections at ' ‘ heel. ’ ^ Aedeagus curved or 
bent, usually swollen basally, frequently with a small hook on margin 
of orifice. Anellus and juxta normal. Harpes broad, hardly 
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narrowed apieally; sacculus extending to near apex of harpe, tip 
usually shortly free; transtilla usually rather weak, seldom fused 
into complete band. Vinculum weak and narrow. 


KEY TO SPECIES OP HARMOLOOA. 


1. Socli vestigial or absent 

Socii more or less developed ... 

2. Socii absent; gnathos basally expanded into a pair of 

broad rounded plates 

Socii vestigial; gnathos with cephalic process 

3. Apex of uncus not indented 

Apex of uncus more or less indented . 

4. Uncus broad, subtruncate or rounded apieally . 

Uncus rather narrow, rounded apieally . 

5. Uncus gradually dilated to apex; transtilla fused: 

aedeagus without barb 

Uncus more strongly dilated at apex; transtilla not 
fused; aedeagus with strong barb towards apex on 
right 

6. Uncus strongly constricted basally 
Uncus not strongly constricted basally 

7. Uncus with apex deeply indented, not consti icted 

basally 

Uncus with apex not deeply Indented, slightly con- 
stricted basally 

8. Socii very small; aedeagus much swollen basally 
Socii moderately large; aedeagus not swollen basally 

9. Aedeagus sinuate, moderately long, with few short 

cornuti; socii very narrow 

Aedeagus rather short, not sinuate, with bunch of very 
long and stout cornuti; socii broader 


2 . 

3. 


tenchrosa. 

ol)longava, 

4. 

6 . 

5. 

san guinea, 
festi va. 


reeficuUiris. 

prtrias. 

7. 

amplexana. 

8 . 

columella, 

9. 

scoliastis. 

pontifica. 


Oelophaiila Meyrick. (Pigs. 18 to 22.) 

Endemic. A subalpine genus of whieli eight siM'cies have been 
described; four of these are here dealt with, together with a new 
species described elsewhere in this volume. Th<*re is little difficulty 
in recognizing members of this group, but several of the different 
forms tend to run into each other, making specific determination by 
superficial characters no easy matter. Nor do the genitalia offer a 
great deal of assistance, the organs being remarkably uniform and 
the points of distinction slight and easily overlooked. 

Tegumen broad; uncus broad, roundly dilated apieally. Socii 
short, narrow. Gnathos well developed, normal in shape. Aedeagus 
stout, regularly curved, not tapered apieally or swollen basally. 
Anellus and juxta normal. Harpes very broad, usually narrowed 
towards apex; sacculus well developed, reaching to about |, where 
the apex is shortly free ; transtiUa normal. Vinculum narrow, weak. 


KEY TO THE SPECIES OP OELOPHAVLA. 


1, Aedeagus with ‘‘keel” at base 

Aedeagus without '*keeV' 

2. Aedeagus with apical hook or barb 
Aedeagus without apical hook or barb . ... 


trihutaria, 

2 . 

3 , 

4 . 
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8. Uncus rather strongly dilated aplcally; ventral margin 

of harpe strongly rounded trinculca. 

Uncus less dilated aplcally; ventral margin or harpe 

less strongly rounded siraea, 

A. Harpes with apex narrow and rounded palltala. 

Harpes with apex wider and subtruncate n. sp. 


Otenopseustis Meyrick. (Fig. 23.) 

A gcims containing only two species, one in New Zealand and 
the other in South America. 

Teguincn broad; uncus narrow, spoon-shaped, Socii narrow. 
Gnathos normal. Aedeagus curved, base not swollen, a dense bundle 
of long cornuti occupying almost entire length. Anellus i\ormal. 
Juxta a rounded plate with apex deeply emarginate. Hari)es broad, 
oblong; transtilla normal in structure but small. Vinculum very 
narrow and weak. 

Epalxiphora Meyrick. (Fig. 24.) 

Monotypie. Endemic. 

Tegumen small, narrow; uncus short, narrow, not much curved, 
with rather long hair above. Socii long, broad basally thence narrow, 
sinuate. Gnathos weak, slightly upeurved, ai)ex acute. Aedeagus 
stout, short, pistol-shaped, pointed and with a dense bunch of long, 
stout cornuti, a small hook near apex on right. Anellus normal. 
Juxta broadly rounded beneath, divided into two lobes apically. 
Harpes broad, irregularly tapered to rather narrow apex; saeculus 
strong, extending to about |, where it ends in free rounded point; 
a patch of dense hair in centre towards base. Vinculum small and 
weak. 

Ecclitica Meyrick. (Figs. 25 and 26.) 

A small endemic genus containing two species. On a considera- 
tion of all the characters I have removed inceyuliaria Meyr. to Tortrix 
and placed torogramma (formerly under Tortrix) in this genus. It 
seems improbable that two species exliibiting such close resemblance 
in genitalia characters as torogramma and Imniclista should not be 
congeneric and, on the other hand, that incendiaria should belong 
to EccUtica while showing no affinity to the genitalia characters of 
the type species, but in this regard much more closel}^ approaching 
Tortrix, 

Tegumen moderate ; uncus narrow or of moderate breadth, 
pointed. Socii very small. Gnathos strong, deeply cleft horizontally 
on meson. Aedeagus long, thin or moderately stout, pointed. Juxta 
shield-shaped, upper angles more or less produced. Harpes broad, 
slightly narrowed apically, saeculus well developed ; transtilla normal. 
Vinculum weak. 

KEY TO THE SPECIES OP ECCLITlCJt, 

Uncus narrow, not constricted basally, apex blunt- 
pointed; aeueagus rather stout; harpes broad, 

saeculus shortly tree apically .. .. torogramma. 

Uncus moderately broad, constricted basally, apex pro- 
duced; aedeagus thin, sinuate; harpes moderately 
broad, saeculus apically produced as a free lobe 
directed obliquely across harpe hemicltsta. 
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Philocr3rptica Meyrick, {Fig, 27.) 

Monotypic. Endemic. Apparently the example on which this 
genus was founded was of abnormal venation as 4 and 5 are stated 
to be short-stalked. This character, however, does not hold in any, 
of the specimens (4) which I have examined, 4 and 5 being separate 
in origin, though 4 is nearer to 5 than to 3. But apart from the 
venation the genus seems to be a valid one, characterized by the form 
of the palpi and the strong double posterior thoraeic crest. The 
genitalia are of the same type as Harmologa, 

Tegumen moderately broad ; uncus broad, hardly dilated apically, 
apex subtruiicatc. Socii long, narrow. Chiathos normal. Acdeagus 
rathci; long, moderately stout, bent, a small barb on orific'e near apex. 
Juxta angular, apex iobed. Harpes rather broad, slightly taper(‘d, 
apex subtruncate; sacculus to about f, apex shortly free; transtilla 
normal. Vinculum narrow, weak. 

Ascerodes Meyrick. (Fig. 28.) 

Monotypic. Endemic. 

Eighth tergitc clothed dorsally with long hair which i)rojects 
above tegumen. Tegumen broad; uncus very broad, slightly dilated 
apically, af)ex subtruncate and slightly indent(^d. Socii vestigial, 
represented by a tuft of hair on a minute process. Gnathos normal. 
Aedeagus small, curved, base not swollen. Juxta angular, divided 
above into a pair of large lobes, llarpes broad, slightly tapered, apex 
evenly rounded; sacculus reaching to about tip free; transtilla a 
simple very narrow band. Vinculum short, weak. 

Epichorista Meyrick. (Figs. 29 to 40.) 

A moderate genus, chiefly characteristic of Australia, New 
Zealand, and South Africa, but one Indian species is known and i)ro- 
bably others will be discovered, India being presumably the place of 
origin.’’ (Meyrick). Thirteen New Zealand species have been 
described, twelve of which have been available for dissection. 

Tegumen narrow to moderately broad; uncus narrow to broad. 
Socii usually developed, narrow or moderate. Gnathos usually 
normal. Aedeagus usually rather slender, curved or bent. Anellus 
and juxta normal. Harpes broad, rather short; transtilla seldom 
fused. Vinculum very small. 

KEY TO THE SPECIES OP EPICHORISTA. 


1. Gnathos bent rectangularly upwards on meson and 

continued as a long sinuate process . ahdita. 

Gnathos not so formed ... ... 2. 

2. Apex of uncus rounded 3 . 

Apex of uncus indented ... 8. 

3. Socii very short and narrow ... speciosa. 

Socii moderate or long 4 . 

4. Uncus broadly lanceolate; aedeagus with 2 or 3 

cornuti occupying more than half the length of 

the organ . . . .. persecta. 

Uncus not lanceolate; aedeagus without long cornuti 6. 

6. Harpes hardly tapered; apex subtruncate 6. 

Harpes considerably narrowed apically; apex rounded allogama. 
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6. Uncus strongly dilated apically; juxta more or less 

angular 

Uncus slightly dilated apically; juxta rounded 

7. Aedeagus roundly swollen at case, apex rounded 
Aedeagus not roundly swollen at base; apex obliquely 

pointed 

8. Uncus very broad, slightly constricted basally 

Uncus not broad 

9. Uncus much dilated apically 

Uncus hardly dilated apically 

10. Aedeagus tapered apically ... .... 

Aedeagus much dilated apically ... 

11. Aedeagus long and acute; harpes wdth lower margin 

roundly dilated near base 

Aedeagus of normal length, blunt at apex; harpes 
normal 


7. 

emphanes. 

siriana. 

elephantina. 

fraudulenta. 

9. 

10 . 

11 . 

a^pmtuna, 

hemionana. 

eribola. 

zatrophana. 


Eurythecta Meyrick. (Figs. 41 to 46.) 

Endemic. There are 6 species, all of which have been examined. 
On the characters of the genitalia the genus falls into two well- 
defined groups, each comprising three si)eeies. This division, how- 
ever, does not agree with that indicated by the presence or absence 
of vein 7 in the forewing, there being four species — robusta, zelaea, 
eremana, and paraloxa — in which the vein is absent. Three species — 
potamias Meyr., frimaculata Philp., and varia Philp. — formerly 
placed in this genus, have been removed to the Eucosmidae. 

A. Tegumcn broad; uncus broad, spatulate. Socii vestigial or 
moderate. Gnathos normal. Aedeagus moderately long, pointed, 
ratlier contracted basally. Anellus normal. Juxta band-like or 
shield-shaped, broadly lobed apically. Harpes triangular, densely 
clothed with very long hair within ; sacculus broad, reaching to § orf ; 
transtilla large, irregular, with rather long spines. Vinculum 
dechitinised on the meson, arms somewhat dilated basally. 

B. Tegumen moderate ; uncus broad, more or less dilated apically, 
apex indented. Socii moderate. Gnathos normal. Aedeagus short 
or moderate, curved. Anellus normal. Juxta shield-shaped, strongly 
lo])ed a])ically. Harpes rather short, broad, apex rounded or sub- 
truncate; sacculus and transtilla normal. Vinculum normal, not 
dechitinised on meson. 

KEY TO SPECIES OF EURYTHECTA. 


1. Harpes triangular, inner surface with very long 

caudally-directed hair; vinculum dechitinised on 
meson . . 2. 

Harpes not triangular, inner surface with short hair 
directed obliquely towards upper margin; vinculum 
not dechitinised on meson 4. 

2. Socii vestigial jKiraloxa. 

Socii moderate .... , . 3. 

3. Juxta large, like v-shaped band; apex of harpe rounded zelaea. 
Juxta moderate, shield-shaped; apex of harpe pointed robusta. 

4. Uncus strongly dilated 6. 

Uncus hardly dilated eremana. 

5. Harpe with apex evenly rounded; juxta rounded loxias, 

Harpe tapering to upper apical angle; juxta angular curva. 
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Tortrix Linne. (Figs. 47 to 65.) 

A large cosmopolitan genus comprising between 200 and 300 
species. There are 29 species known from New Zealand, two of 
which, T. postvittana Walk, and T, indigestana Meyr., are also found 
in Australia. As in the preceding genus, the species fall into two 
groups ; these will be dealt with separately. 

A. Tegumen small ; uncus usually dilated apically. Socii vesti- 
gial or absent. Gnathos normal, usually rather evenly curved. 
Aedeagus moderate, curved, obliquely pointed, base not, or hardly, 
swollen. Anellus normal. Juxta more or less an^lar, usually 
strongly lobed. Harpes more or less triangular, inner surface 
clothed with long hair directed caudally; sacculus variable, strong 
or weak, apex free or fused ; transtilla normal, not fused. Vinculum 
normal. On the conjunctiva beyond the eighth segment, towards the 
ventral surface, is a bunch of long hair which reaches to or beyond 
the apex of the harpe. When the genitalia are exerted the tightening 
of the membrane causes these hairs to stand out in a rosette. 

B. Tegumen moderate or broad; uncus ranging from narrow 
to very broad. Socii usually normal, sometimes plate-like, occasionally 
absent. Gnatlios usually normal. Aedeagus usually short, not 
strongly curved, usually obliquely truncate at apex. Anellus normal. 
Juxta shield-shaped, angular or rounded, more or less bilobed apically. 
Harpes broad, more or less oblong, hair on inner surface moderate or 
short, directed obliquely towards upper margin ; sacculus rather short, 
apex free or fused; transtilla normal, sometimes well fused. Vin- 
culum normal, occasionally dechitinised on meson. 

KEY TO THE SPECIES OF TORTRIX, 

1. Harpes triangular, hair on inner surface directed 

caudally; a turf of long hair on conjunctiva beyond 

eighth segment 

Harpes oblong, hair on inner surface directed towards 
upper margin; tuft of long hair absent . . 

2. Uncus narrow at apex 

Uncus broad at apex 

3. Uncus slightly dilated at apex, spatulate; harpes 

with long finger-like apical process 

Uncus strongly dilated at apex; harpes without 
finger-like process 

4. Harpes with apical portion evenly tapered, long, acute 
Harpes with apical portion not evenly tapered to 

acute point 

6. Uncus battledore-shaped 

Uncus triangular apically 

6. Harpes with very long hairs; aedeagus scobinate on 

.right 

Harpes with hairs of moderate length; aedeagus not 
scobinate . . 

7. Uncus very broad, apex widely indented; socii absent 

Uncus narrow or moderate; socii present 

8. Uncus battledore-shaped; harpes broad, not narrowed 

apically 

Uncus not battledore-shaped 

9. Socii moderate to long, narrow 

Socii expanded into rounded plate 


2 . 

7. 

leucaniana, 

3. 

postvittana, 

4. 

argentosa, 

5. 

subdola, 

6 . 

indigestana, 

maculosa, 

molybditis. 

8 . 

excessana, 

9. 

10 . 

16. 
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10. Uncus with apex deeply indented; Juxta almost 

circular - 

Uncus with apex rounded 

11. Uncus narrow 

Uncus moderate 

12. Gnathos with upturned portion laterally compressed 

to form a broad plate 

Gnathos normal 

13. Uncus dilated before apex, apex pointed 

Uncus not dilated, apex rounded 

14. Uncus a little dilated then narrowed to apex 

Uncus not narrowed to apex 

15. Uncus with apex subtruncate; socii rather long and 

densely haired; harpes with apex flatly rounded, 

angles noticeable 

Uncus with apex narrower and more rounded; socii 
shorter and with less hair; harpes evenly rounded, 
angles not noticeable 

16. Gnathos short, very thin; uncus circularly expanded 

apically 

Gnathos moderately large; uncus gradually expand- 
ing to apex ...... 

17. Uncus with apex rounded 

Uncus with apex truncate 

18. Uncus lanceolate with blunt apex 

Uncus flnger-like 


tigris, 

11 . 

12 . 

14. 

xestodea, 

13. 

orthropis. 

pictoriana, 

15. 

16. 


apatioaa. 


conditana. 

incendiaria. 

charactana, 

18. 

crypaidora, 

flaveacena. 

fervida. 


T. inusitata Philp. agrees almost exactly with T, fiavesceris ButL, 
but in view of the small number of the former which have been 
captured it is not thought advisable to unite the species at this 
juncture. 


Capua Stephens. (Figs. 66 to 71.) 

Practically cosmopolitan. A fairly large genus represented by 
8 New Zealand species, one of which, C. intractana Walk., is a recent 
introduction from Australia. The group as here considered is a 
somewhat incongruous one and probably will ultimately be split up 
into two or three genera. It therefore seems best to treat each 
different type separately. 

C. semiferana Walk. 

Tegumen moderate; uncus short and rather narrow, armed 
beneath with a dense tuft of short spines and clothed laterally with 
long hair. Socii weak, somewhat rounded plates. Gnathos normal. 
Aedeagus not curved, slightly swollen basaUy, a pair of very large, 
spear-headed, curved comuti. Juxta oval with apex deeply emar- 
ginate.* Harpes rather short, broad, apex rounded; transtilla well 
developed with spiny apices closely united on meson and an inward 
hook; sacculus weak, opposite the sacculus the harpe is deeply and 
widely cleft, leaving a narrow strip of chitin between the sacculus 
and transtilla. Vinculum normal. 

C. cyclobafhra Meyr, 

Tegumen moderate; uncus strongly curved, very thin. Socii 
weak, drooping. Gnathos dilated beneath towards meson. Aedeagus 
long, tapering, a spine-like process projecting obliquely from about 
S and reaching nearly to apex. Juxta a small weak plate. Harpes 
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moderately broad, rather long, tapering slightly and evenly rounded 
at apex; sacculus weak; transtilla a rather large well chitinised con- 
cave structure fitting round aedeagus and only membranously 
attached to the harpes; probably the normal processes which have 
become fused, altered in shape and detached from the harpes. Vin- 
culum normal. 

C. iniractana Walk. 

Tegumen rather narrow; uncus very narrow, slightly dilated 
apically. Socii broad irregular plates. Gnathos normal, much 
depressed. Aedeagus short, curved apex expanded and irregularly 
spinost'. Anellus projecting vent rally very little. Juxta kite-shaped. 
Harpes broad, apex evenly rounded; sacculus short, extending to 
about apex expanding into inner and outer conical processes ; trans- 
tilla very slight. Vinculum deehitinised on meson, arms roundly 
dilated at apex. 

C. arcuata Philp. 

C. pUnfhogl'ijpta Mcyr. 

C. plagiatana Walk. 

Tegumen moderate; uncus moderately broad, hardly dilated 
apically, apex rounded. Socii rather small. Gnathos normal. 
Aedeagus rather small, bent, heeP’ long, small cornuti present. 
Anellus and juxta normal. Harpes rather short, broad, hardly 
narrowed apically; sacculus weak, short; transtilla of normal shape 
but small. Vinculum normal. 

KEY TO THE PRECEDING SECTION OF CAPVA, 


1. Upper apical angle of harpes pointed . .. plmthoglypta. 

Upper apical angle of harpes rounded ... .2. 

2. Aedeagus sharply bent; Juxta rounded; harpes sub- 

truncate apically . . plagiatana, 

Aedeagus less sharply bent; Juxta angular; harpes 

more rounded apically ... arcuata. 


Catajmeta Meyrick. (Figs. 72 to 74.) 

A small genus with 7 New Zealand representatives, only 3 of 
which have been available for examination. 

Tegumen moderately broad; uncus narrow to moderately broad. 
Socii of normal length, narrow or broad. Gnathos normal. Aedeagus 
moderately curved, tapering, apex obliquely pointed. Anellus and 
juxta normal. Hari)es broad, oblong, apex subtruncate; sacculus 
weak, extending to about i ; transtilla normal. Vinculum nofmal. 

KEY TO THE SPECIES OF CATAMACTA. 


1. Uncus tapering to narrow apex; socii expanding into 

broad plate; a patch of long hair on eighth tergite 
extending over tegumen .... ... latomana. 

Uncus not tapering; socii narrow; eighth tergite with- 
out long hair 2. 

2. Uncus moderately broad; apex subtruncate; harpes* 

with upper apical angle rectangular rnreana. 

Uncus narrow, apex rounded; harpes with upper 

apical angle rounded gavisana. 
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Psnrgotis Meyrick. (Figs. 75 to 76.) 

A small genus with 3 New Zealand and some Australian species. 
The rare P. eudorana Meyr. has not been available for examination. 

Tegumen moderately broad; uncus broad. Socii narrow, rather 
short. (Inathos normal. Aedeagus rather small, not swollen basally, 
curved. Anellus and juxta normal. Harpes broad, not narrowed 
apically; sacculus, reaching to about transtilla normal. Vinculum 
normal. 


KEY TO THE SPECIES OF PYROOTI8. 

Uncus gradually expanding to subtruncate apex; aedea- 
gus without barbs above; juxta rounded consentiens. 

Uncus not dilated apically; aedeagus with row of minute 

barbs on upper surface; juxta angular . . pyramidias, 

Proselena Meyrick. (Figs. 77 and 78.) 

A small Australian and New' Zealand genus; two species have 
been described from New Zealand. 

Tegumen short, moderately broad, remote from vinculum and 
articulating with the transtillae; socii rather weak, rounded, hairy 
plates. Gnathos forming a plain narrow band, slightly upturned 
on the meson. Aedeagus short, curved, basally swollen. Juxta a 
small plate passing into the anellus, which stands out above the 
aedeagus as a bifid plate, the apices of which articulate with the 
transtilla, Harpes long, narrow', slightly tapering to rounded apex; 
sacculus undefined; transtilla formed by the produced basal angle of 
the harpe, not a separate ])rocess as in the rest of the family. Vin- 
culum moderate, broader than in other genera. 

KEY TO THE SPECIES OF PROSELENA. 

Socii very small; juxta angular; anellus not bifid above; 

vinculum broad at apex mphostrota. 

Socii moderate; juxta rounded; anellus bifid above; arms 

of vinculum not broad at apex antiquana. 


LETTERING. 

(Lettering: a, anus; ae, aedeagus; an, anellus; b, barb on aedeagus; 
c, cornuti; de, ductus ejaculatorius; g, gnathos; h, harpe; ht, hair-tuft 
beyond eighth segment; j, juxta; s, socii; sa, sacculus; t, tegumen; tr, 
transtilla; u, uncus; ua, upper extension of anellus; v, vinculum; ve, vesica. 
Unless otherwise stated the views of the genitalia (A) and the aedeagus 
(D) are from the lateral aspect, that of the harpe (B) is from within, 
and that of the uncus a dorsal one.) 
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Fig. 1 — Cnephasta viicrohathra Meyr. A, male genitalia B, harpe. D, 

aedeagus. Da, aedeagus, ventral view. E, juxta. F. uncus. G, 
transtilla. 

Fig. 2. — C. jactatana Walk. A, male genitalia. B, harpe. C, tegumen, 
ventral view. D, aedeagus. E, juxta. 

Fig. 3. — C. tncessana Walk. A, male genitalia B, harpe. C, tegumen, ven- 
tral view. D, aedeagus. E, juxta. 

Fig. 4. — C. latomana Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. F. uncus. 

Fig. 5. — C. imhrtferana Meyr. A, male genitalia. B, harpe. D, aedeagus. 

E, juxta. F, uncus. H. socii, gnathos and anal tube, lateral view. 
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Fiq. 6. — 0. sphcntas Meyr. A, male genitalia. B, harpe. E, juxta. F, 
uncus. G, transtilla. 

Fifi, 7. — 0. fastigata Philp. A, male genitalia. B, harpe. D, aedeagus. E. 

juxta. F, uncus. G, transtilla. H, socii, gnathos and anal tube, 
lateral view. 

Fig. 8 . — Harmotoga aanguinea Philp. A, male genitalia. B, harpe. D, 
aedeagus. E. Juxta. F, uncus. 

Fig. 9. — JS. festiva Philp. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. G, transtlBa. 

Fig. 10. — H. reticularia Philp. A, male genitalia. B, harpe. D, aedeagus. 
F, uncus. 
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Pig. 11 . — H tenehiosa Philp. A, male genitalia B, harpe D aedeagus. 

E, ju\ta. F, uncus. G, transtilla I, gnathos, caudal view. 

Pig 12 . — H ohlongana Walk. A, male genitalia. B, harpe. D, aedeagus. 

Da, aedeagus, ventral view. E, juxta. P, uncus. H, socii and 
gnathos, lateral view. 

Pig. 13. — H. petftas Meyi. A, male genitalia. B, harpe. C, tegumen, dorsal 
view. D, aedeagus. E, Juxta, F. uncus. 

Pig. 14. — JET. amplexana Z. A, male genitalia. B, harpe. C, tegumen, ventral 
view. D, aedeagus. E, juxta. F, uncus. 

Fig. 16. — H. columella Meyr. A, male genitalia. B, harpe. D, aedeagus. 
F, uncus. G, transtilla. 
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Fia. 16. — H. scoliastis Meyr. A, malie genitalia. B, harpe. D, aedeagus. 

E, juxta. F, uncus. H, 80 cii» gnathos and anal tube, lateral view. 

Fig. 17 . — pontifico Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. F, uncus. 

Fig. 18 . — Gelophaula tributaria PUilp. A, male genitalia. B, harpe. D, 
aedeagus. Da, aedeagus, basal portion, ventral view. G, transtilla. 

Fig. 19. — G. trisulca Meyr. A, male genitalia. B, harpe. D, aedeagus. F, 

uncus. 

Fig. 20.— G. palUata Philp. A, male genitalia. B, harpe. D, aedeagus. E, 

juxta. F, uncus. 
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Fig. 21. — Q, straea Meyr. A, male genitalia. B, harpe. F, uncus. H, socil. 
gnathos and anal tube, lateral view. 

Fio. 22 — Q. n. sp. A, male genitalia. B, harpe. D, aedeagus. E, juxta. 
F, uncus. H, socil and gnathos, lateral view. 

Fig. 23 . — Ctenopseustts obUquana Walk. A, male genitalia. B, harpe. 
aedeagus. E, juxta. F, uncus. 

Fig. 24 . — Epalxiphora axenana Meyr. A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. F, uncus. 

Fig. 25 . — EcclxUca hemicUsta Meyr. A, male genitalia. B, harpe. D» 

aedeagus. E, juxta. F, uncus. H, socil and gnathos. I, gnathos, 
dorso-caudal view. 
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Fio. 26. — torogramma Meyr. A, male genitalia. 'B, harpe. D, aedeagus. 

juxta. h\ uncus. I, gnathos, dorso-caudal view. J. vinculum. 
Fig 27. — Philocryptica polypodii Watt A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. F, uncus. 

Fig. 28. — Ascerodes prochlora Meyr. A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. F, uncus. 

Fig. 29. — Epichoriata ahdita Philp. A. male genitalia. B, harpe. D, aedeagus. 

F, uncus. H, Bocii and gnathos, lateral view. 

Fig. so. — E. emphanes Meyr. A, male genitalia. B, harpe. D, aedeagus. 
E, Juxta. F, uncus. 
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Fig. 31. — E. speciosa Philp. A, male genitalia. B, harpe. D, aedeagus. E, 

juxta. P, uncus. H, socii and gnathos, lateral view. 

Fig. 32 — E. persecta Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 

juxta. F, uncus. 

Fig. 33. — E. allogam a Meyr. A, male genitalia. B, harpe. D, aedeagus. 
P, uncus. G, transtilla, dorsal view. 

Fig. 34. — E. fravdulenta Philp. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. P, uncus. 

Fig. 35. — E. aspistana Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. P, uncus. 

Fig. 36. — E, hemtonana Meyr. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F, uncus. 

Pig. 37. — E, strtana Meyr, A. male genitalM. B, harpe. D, aedeagus. E, 
juxta. F, uncus. 
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Fig. 38. — E. tlephantina Meyr A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F, uncus. G, transtilla. 

Fig. 39. — E. enhola Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. F, uncus. 

Fig. 40. — E. zatrophana Meyr. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F, uncus. 

Fig. 41 . — Eurythecta paraloxa Meyr. A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. F, uncus. 

Fig. 42. — E. zelaea Meyr. A, male genitalia. B, harpe. D, aedeagus. B, 
juxta. F, uncus. J, arm of vinculum. 
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Pig. 43. — E. lobusta Butl, A, male genitalia B, harpe. D, aedeagus. 
juxta. F, uncus. J, vinculum. 

Pig. 44. — E, eremana Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. P, uncus. 

Pig. 45. — E. loxias Meyr. A, male genitalia. B, harpe. D, aedeagus. K, 

juxta. F, uncus, H. socii, gnathos and anal tube, lateral view. 

Fig. 46. — E, curva Philp. A, male genitalia. B, harpe. D, aedeagus. E, 

juxta. P, uncus. 

Pig. 47 . — Tortrxx leucaniana Walk A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. P, uncus. G, transtilla. 

PtG. 48. — T. argentosa Philp. A, male genitalia. harpe. D, aedeagus. 
E, juxta. F, uncus. 
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Fig. 49. — T. postvittana Walk. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F, uncus. 

Fig. 50. — T, suhdH)la Philp. A, male genitalia. B, harpe. D, aedeagus. B, 
juxta. F, uncus. 

Pig. 51.— r. indigestana Meyr. A, male genitalia. B. harpe. D, aedeagus. 
E, Juxta. F, uncus. 

Fig. 52. — f, maculosa Philp. A, male genitalia. B, harpe. D, aedeagus. E, 
Juxta. F, uncus. 

Fig. 53. — T. molybditis Meyr. A, male genitalia. B, harpe, D, aedeagus. 
E, Juxta. F, uncus. 
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Fig. 54. — T. excessana Walk. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F, uncus. 

Fig. 55. — T. Ugns Philp. A, male genitalia. B, harpe. D, eadeagus. E, 
juxta. F, uncus. G, transtilla. 

Fig. 56 — T, xestode^ Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. F, uncus. H, socii and gnathos, lateral view. I, gnathos, 
ventral view. 

Fig. 57. — T. orthropis Meyr. A, male genitalia. B, harpe. D, aedeagus. E, 
juxta. F, uncus. 

Fig. 58. — T. ptctonana Feld. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F uncus. 



Philpott. — Male Genitalia of N,Z, Tortricidae, 


465 



Fig. 59. — T. tncendmna Meyr. A, male genitalia. B, harpe. D. aedeagus. 

E, Ju\ta. F, uncus. H, socii, gnathos and anal tube, lateral vie^^. 
Fig. 60. — T. cfuuactana Meyr. A, male genitalia. B, harpe. D, aedeagus. 
E, ju\ta. F, uncus. 

Fig. 61. — T. spatiom Philp. A, male genitalia. B, harpe. D, aedeagus. F, 
uncus. 

Fig. 62. — T. condttana Walk. A, male genitalia. B, harpe. D, aedeagus. 
E, juxta. F. uncus. G, transtllla. 
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Fig. 63. — T. crypsidora Meyr. A, male genitalia. B, harpe. D, aedeagus. 
F, uncus. 

Fig. 64. — T. flavescens Bull. A, male genitalia. B, harpe. D, aedeagus. 
E, Juxta. F, uncus. 

Fig. 65. — T. fervida Meyr. A, male genitalia. B, harpe. D, aedaegus. E, 
Juxta. F, uncus. 

Fig. 66 . — Capua cyclohathra Meyr. A, male genitalia. B, harpe. D, aedea- 
gUB. F, uncus. Q, transtilla, obliquely ventral view. 

Fig. 67. — C. intractana Walk. A, male genitalia. B, harpe. D, aedeagus. 

Da, apex of aedeagus, ventral view. E, Juxta. F, uncus. J, arm 
of vinculum. 
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Fig. 68. — C. arouata Philp, A, male genitalia. B, harpe. D, aedeagus. E, 
Juxta. P, uncus. I, gnathos, lateral view. J, vinculum 
Pig. 69. — C. plinthoglypta Meyr. A, male genitalia. B, harpe. D, aedeagus. 
E, Juxta. F, uncus. 

Pig. 70. — C. plagtatana Walk. A, male genitalia. B, harpe. D» aedeagus. 

E, juxta. P, uncus. H, socii, gnathos and anal tube, lateral view. 
Pig. 71. — C. semtferana Walk. A, male genitalia. B, harpe. C, tegumen, 
lateral view. D, aedeagus, dorsal view. E, juxta. J, vinculum. 
Pig. 72. — Catamacta lottnana Meyr. A, male genitalia. B, harpe. D, 
aedeagus. F, uncus. 

Pig. 73. — C. rureana Feld. A, male genitalia. B, harpe, D, aedeagus, 
obliquely lateral view. P, uncus J, vinculum. 



468 


Transactions. 



Fig. 74. — C. yavt&ana Walk. A, male genitalia. B, harpe. D, aedeagus. 
F, uncus. 

Fig. 75. — PyrgoUs consentiens Pliilp. A, male genitalia. B, harpe. D, 
aedeagus. E, juxta. F, uncus. 

Fig. 76. — P. pyramicltas Meyr. A, male genitalia. B, harpe. C, tegumen, 
lateral view. D, aedeagus. E, juxta. F, uncus. J, vinculum. 

Fig 77. — Proselena mphostrota Meyr. A, male genitalia. B, harpe. 
aedeagus, ventral view. J, vinculum. 

Fig 78. — P. antiquana Walk. A, male genitalia. B, harpe. C, tegumen, 
doisal view. D, aedeagus, obliquely lateral view. J, vinculum. 
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The Male Genitalia of the New Zealand Eucosmidae. 

By Ai^pred Philpott, Hon, Research Student in Lepidoptera, 
Cawthron Institute, Nelson. 

[Ifead hefore the Nelson Phtlosophteal Hocirty, 1st Aiioiist, 1028; received 
hy Editor, oth Avgust, 1028, issued separately, 

IGth November, 1928.'i 

^Fhe Bueosnudae of Now Zealand comprise only 20 known species, 
belou^inf? to 7 genera, a mere fragment of what is elsewhere a \ery 
ext(*nsive group. In the northern heinivspherc the family is particu- 
larly well rej)resented, Jleinrich’s recent revisions of the North 
American s])ecies dealing with over GOO forms, distributed through 
more than GO genera. In view of the paucity of the New Zealand 
representation, it is inadvisable to offer any generalizations of a si)ecu- 
lative or critical cliaracter and the following article will therefore 
onlj\ aim at being of use as an aid to specific determination.* It 
may, however, Ix^ Imiefly stated that in the Eucosmidae the hai-jKvs 
are usually well developed and more or less constricted at the middle, 
the aedeagus short and curved or pistol-shaped, the socii present or 
absent, tlie gnathos usually weak or absent, the uncus absent or, if 
pi'esent, small and frequently bifid, the tegumen rather narrow and 
the vinculum a weak band, without saccus. It should ])e noted that 
the ventral surface of the anal tube is freqmntly more or less chitin- 
ized, i)a7*ticularly laterally, and that the gnathos often merges ^^ith 
this chit inizat ion, thus giving the former the api)earance of a much 
more dc'veloped organ than it really is. In none of th(‘ species 
examined could I find an instance of the gnathos forming a separate 
chitiniz(‘d })and bepeath or across the anal tu])c. 


Hendicasticha Meyri(*k. 

Monot\q)ic and endemic. No material has been available for tlie 
study of this genus, the single species being ap])arently rare and 
local. 

Spilonota Stephens. (Figs. 1 to 5.) 

()n(‘ of the smaller gemu’a. Fairly well represented in Australia, 
where three of the New Zealand species occur also. Of the eight 
New Zealand species three hav(» not been available foi’ dissection. 

•fThe eighth segment is considerably modified, the caudal margin 
being deeply excavated laterally and veiitrally. Tegumen narrow 

’••For a general consideration of the family (sens, hit.) the rcaihn’ is 
reterred to Heinrich's recent works: “Revision of the North American Moths 
of the subfamily Eucosminae. ' T.K. National Museum Bulletin, 122 (1923), 
and “Revision of the North American Moths of the subfamilies Laspeyiesii- 
nae and Olethreutinae." V,S. National Museum Bulletin, 132 (1926). 

tit must be understood that the generic diagnoses are applicable only 
to such species as are dealt with in the present paper. 
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Fig. 1 . — Sptlonota cjectana Walk. A, male genitalia. B, harpe C, 

tegumen, ventral view. D, aedeagus. E, Juxta and anellus. J, 
vinculum. 

Fig. 2. — 8. zopherana Meyr. A, male genitalia. B, harpe. D, aedeagus. 

E, Juxta and anellus with base of harpe. J, vinculum. 

Fig. 3. — 8. partheniata Meyr. A, male genitalia. B, harpe. D, aedeagus. 

H, socii, ventral view. K, eighth segment, ventral view, Ka, 
eighth segment, lateral view. 

Fig. 4. — 8. macropetana Meyr. A, male genitalia. B, harpe. C, tegumen, 
ventral view. D, aedeagus. K, eighth segment, lateral view. 
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laterally, broader dorsally, not fused with vinculum ; uncus absent or 
but slightly developed. Socii present, perfect or drooping, usually 
covered outwardly with long backwardly directed hair. Gnathos 
weak or absent. Aedeagus short, curved, more or less swollen basally ; 
cornuti usually present. Anellus opening out ventrally and fusing 
with diamond-shaped juxta; this ventral development of the anellus 
supports the aedeagus as on a hinge and has the effect of pushing the 
organ much higher between the arms of the tegumen than is usual. 
Vinculum narrow and weak, without saccus. Harpes long, more or less 
constricted at middle, inner surface of cucullus usually densely 
haired and frequently spine-bearing. 

KEY TO THE SPECIES OF SPILONOTA. 


1. Uncus absent 
Uncus present 

2. Gnathos present; apex of tegumen broadly truncate 

with a pair of lateral processes directed triangu- 
larly downwards; harpes moderately broad, little 
constricted, with a pair of prong-like processes 
from within near ventral margin at i 
Gnathos absent 

3. Sacculus prominent on lateral view; caudal margin 

of cucullus armed with series of very short but 
stout spines 

Sacculus hardly noticeable on lateral view; series of 
spines round caudal margin of cucullus smaller 
than in zopherana 

4. Uncus bifid; socii weak, finger-like; harpes narrow; 

aedeagus short, almost filled with bundle of cornuti 
Uncus entire; socii well chitinized rounded vertical 
plates bent over horizontally above; harpes broad; 
aedeagus rather long, a moderate bundle of cornuti 
in apical i; anellus widely expanded ventrally . 


2 . 

4. 

ejectana Walk. 

3. 

zopherana Meyr. 

partheniata Meyr. 
macropetana 

Meyr. 

chaophila Meyr. 


Eucosma Hubner. (Kg, 6.) 

Meyrick has described 4 New Zealand species of this very exten- 
sive genus, but only one of these seems to be known to New Zealand 
collectors. 


Eucosma querula Meyr. 

The male genitalia of this species are not only entirely different 
from the ordinary type of the genus, but do not approach those of 
any species of the family of which figures have been available for 
comparison. It is a question whether a form with such widely 
different sex-organs should not be separated generieally. 

LETTERING. 

Lettering: a, anus; aa, aperture for aedeagus; ae, aedeagus; an, anellus; 
at, anal tube; cu, cucullus; de, ductus e jaculatorius ; ea, upper extension of 
anellus; g. gnathos; h, harpe; J, Juxta; pt, apical processes of tegumen; 
s, socii; sa, saccus; t, tegumen; u, uncus; v, vinculum; vs, vestigial socii; 
vt, ventral plate of anal tube. Unless otherwise stated the views of the 
genitalia (A) and aedeagus (D) are from a lateral aspect; those of the 
harpe (B) are from within. 
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Fig. 5. — iS*. chaophtla Meyr. A, male genitalia. B, harpe. C, tegumen, 

obliquely lateral view. D, aedeagus. E. juxta and anellus. 

Fig. 6 . — Eucosma querula Meyr. A, male genitalia. B, harpe. C, tegumen 
with connections from juxta to uncus, semi-diagrammatic, caudal 
view. D, aedeagus. J, vinculum. L, end of abdomen with geni- 
talia not exerted. 

Fig. 7 . — Ramnatia Uimaculata Philp. A, male genitalia. B, harpe. C, 
apical portion of tegumen, dorsal view. D, aedeagus. E, juxta 
and anellus. 

Fig. 8. — R. potamias Meyr. A, male genitalia. B. harpe. C, tegumen, 

dorsal view. D, aedeagus. E, juxta and anellus. 
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The genitalia are normally coneeah‘d within the eighth segment, 
which is in turn partly withdrawn within the seventh. A dense tuft 
of long curved hair-scales rises from the conjunctiva beyond the 
eighth segment and protrudes through the opening, taking the place 
of the usual anal tuft. The genitalia proper form a compact, more 
or less rounded mass. The tegumen is narrow and fused with the 
much broader vinculum, the organ being sharply angled at the point 
of junction. The uncus is small, bent sharply downwards and bears 
a terminal brush of moderately long hair. On each side of the 
uncus the tegumen is slightly dilated, the area carrying a few weak 
hairs; probably this rei)resents the vestigial socii. The gnathos is 
absent. The aedeagus is stout and tusk-like. The anellus is of the 
Eucosmid type ventrally, merging with the rather short angular 
juxta, but dorsally it throws out a thin well chitinized spring-like 
strip which connects with the ventral chitinized plate of the anal 
tube. The harpes are broad and strongly rounded on the basal 
the apical third being much narrowed and densely clothed with short 
blunt spines along the upper margin; attached to the upper margin 
is a rounded flaj), armed apically with a stout blunt socketed spur. 
This flap is normally folded back on the harpe, but is hinged and 
freely moveable. 


Raumatia n. g. (Figs. 7 to 9.) 

A genus, characterized elsewhere in this volume, erected for the 
reception of three species formerly ])laced in Eurytlxecta (Tortri- 
eidae). I am indebted to Dr. A. Busck, of the r.S>. National Museum, 
for drawing my attention to the misplacement of these forms; an 
examination of the genitalia at once confirmed his views. 

Tegumen small; uncus a pair of very weak well separated pro- 
cesses or a minute nu^dian one. Socii broad irregular plates or more 
rod-like organs. Gnathos absent as a chitinized organ and apparently 
absorbed in the socii. Aedeagus rather small, slightly swollen basally, 
very little curved. Anellus and juxta normal. Harj)es large, con- 
stricted above sacculus; a few hairs on sacculus and apical part of 
cucullus, but median area naked. Vinculum very small and weak. 


KEY TO THE SPECIES OF RAVMATIA. 


1. Socii narrow apically; uncus a pair of weak prongs; 

harpes with upper and lower angles produced 
Socii broad apically; uncus a single weak prong; 
harpes deeply emarginate on lower margin, apical 
angle not produced 

2. Harpes with upper margins sinuate, “neck” narrow; 

juxta broader than long 

Harpes with upper margin not sinuate; “neck” 
broader; juxta diamond-shaped 


trimaculata Philp. 


2 . 

potamxas Meyr. 
varia Philp. 


Crocidosema Zeller. (Fig. 10.) 

Within the last few years a representative of this genus has 
established itself in New Zealand. This is C. plebeiana Z. an insect 
widely spread throughout the drier parts of the world. 
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Fig. 9. — R. varia Philp, A, male genitalia. B, harpe. D, aedeagus. 
juxta and anellus. 

Pig. 10 . — Crocidosema pleheiana Z. A, male genitalia. B, harpe. 

aedeagus. H, socii, gnathos and anal tube, ventral view. K, eighth 
segment, lateral view. 

Fio. 11 . — Laspeyresia pomonella L. A, male genitalia, B, harpe. C, tegu- 
men, ventral view. D, aedeagus. E, juxta and anellus. 

Fig. 12 . — Bactra sp. A, male genitalia. B, harpe. D, aedeagus. E, juxta 
and anellus. 
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C. plebeiana Z. 

The eighth segment is modified in much the same way as in 
Spilonota, being deeply emarginate laterally and dorsally. Tegumen 
narrow, fused with vinculum. Uncus a very weak finger-like process. 
Socii rather broad, pointed, porrect. Gnathos a pair of weak thin 
strips which merge in the lateral chitinization of the anal tube. 
Aedeagus short, swollen basally and tapering to apex, without cornuti. 
Juxta similar to Spilonota ; anellus less developed. Harpes deeply 
and widely cleft on ventral margin, resulting in a broad triangular 
cucullus and a similar but smaller sacculus; three long stout spines 
on outer surface of cucullus near apex. Vinculum as broad as 
tegumen, saccus not developed. 

Laspeyresia Hubner. (Mg. 11.) 

The world-Avide orchard pest, L. pomonella L., is the only New 
Zealand member of this widely spread genus. 

L. pomonella L. 

Tegumen narrow, not fused with vinculum; uncus absent. Socii 
absent. Gnathos weak, connecting with lateral chitinized strips of 
anal tube, but with a noticeable weakening at point of junction. 
Aedeagus moderately long, slightly swollen basally, 7 or 8 short stout 
cornuti, a slight obliquel}' longitudinal ridge towards apex beneath. 
Aiidlus and juxta normal. Vinculum moderately broad with slight 
saccus Harpes large, broad, constriction at neck moderate, a short 
stout prong projecting from ventral margin below cucullus, cucullus 
dilated, rounded. 

Bactra Stephens. (Fig. 12.) 

Of this large and widely distributed genus four species have 
been recorded from New Zealand. These species are extremely alike 
and in the absence of certainty as to determination I can do nothing 
further than describe the genitalia of one form (probably B. xystrota 
Mcyr.), leaving the specific identification open for the present. A 
much larger form, of which I possess some examples, does not show 
any difference in genitalia characters, except perhaps a very small 
extra roiinding of the socii. 

Bactra sp. 

Tegumen narrow, not fused with vinculum; uncus moderately 
long, thin, strongly curved, with rows of short strong spines beneath. 
Socii leaf-like, moderately large, flat. Gnathos absent. Aedeagus 
moderately long, rather thin, curved, without cornuti. Juxta broad, 
closer to anellus than in above genera, thus bringing the aedeagus 
nearer to the bases of the harpes. Harpes with cucullus moderately 
broad, strongly short-spined along ventral margin, sacculus broad, 
with a transverse fold bearing 11 strong socketed spines, the inner 
ones being the larger. 
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The Male Genitalia of the New Zealand Carposinidae. 

By Alfred Philpott, Hon. Research Student in Lepidoptera, 
Cawthron Institute, Nelson. 

\Read before the Nelson Philosophical Society, 4th July, 1928; received by 
Editor, Kith July, 1928; issued separately, 

Kith Novemher, 1928.'\ 

The Carposinidae lorin a small family, eomprisins about a hundred 
species, chiefly characteristic of Australia and the Hawaiian Islands, 
but having a few outliers in other regions, as India, Europe, and 
North America. Though formerly placed under the Tortricoidea, 
the Carposinidae have latterly been disassociated from that group 
by several systematists and relegated to a position near the Omeo- 
didae and the Copromorphidac. In the venation the forewing 
departs from the Tortricid type in the nearness of the origin of 
Cu lb to the angle of the cell, in the hindwing by the absence of 
two branches of M; the tufts of raised scales on the forewing are 
also quite an unusual character. The labial palpi are certainly more 
or less Tortricid, but the maxillary palpi seem to be absent or 
extremely atrophied, whereas in normal Tortricids there are from 
two to four segments ])rescnt The antennae again, with their long 
fine ciliations, depart markedly from the usual Tortricid structure. 
It is in the male genitalia, however, that the greatest departure from 
the Tortricoidea is exhibited. Here the two groups have practically 
nothing in common, the Carposinidae having neither socii nor gnathos 
and possessing harf>es and aedeagus of an altogether different type 
from the Tortricoidea. 

Only one genus of the Carposinidae is represented in New Zea- 
land; this is Carposina, of which 15 species have been recorded. Ten 
of these are dealt with in the present paper, together with a form 
from Auckland Island previously regarded as a variety of gonosc- 
mana Meyr. C. epomiana, described by Meyrick and afterwards 
sunk as a synonym of gonosemana, proves to be distinct from that 
species and with Mr. Meyrick ^s concurrence, is here resuscitated. 

Carposina Herrich-Schaffer. 

The genitalia are comparatively simple; though there has been 
considerable specialization the parts are not of elaborate or intricate 
structure, and there is little difficulty in their interpretation. 

The tegumen is well developed and ends in a long thin strongly- 
curved uncus. Usually the shoulders of the tegumen (the areas on 
each side of the base of the uncus) are produced into a pair of 
processes, which may be long and sharp or short and rounded; 
frequently these bear a patch of stiff spines. Ventrally the margins 
of the tegumen are usually broadly and irregularly folded inwards, 
the edges being armed with double series of minute spines or te(4h. 
There is no trace of socii or gnathos. The vinculum is small and 
weak, the thin arms articulating with the bases of the harpes. The 
aedeagus consists of a rather long and very thin basal rod, which 
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opens apically into a concave spoon-like plate the apex of which is 
cleft into two asymetrical portions. The ductus ejaculatorius con- 
nects with this structure at the base of the expanded part and lies 
along the concave portion. Patches of cornuti, differing greatly in 
the several species, are frequently, but not invariably, present 
towards the apex of the aedeagus. In some species the left apical 
process of the aedeagus is produced into a long ribbon-like filament 
which protrudes beyond the harpe. ’As far as I am aware, a similar 
structure has not been observed in any lepidopterous group ; I propose 
to name it the ‘‘vitta. The juxta consists of a pair of short or 
moderate finger-like processes rising from a small basal plate. The 
harpes are long and moderately broad. They are divided into a small 
and simi)le sacculus and a long cueullus, which often bears one or 
more processes on its costal margin; a small ])rocess (ampulla of 
Pierce?) is usually present near the base of the sacculus. 

KEY TO THE SPECIES OF CARPOFIINA. 


1. Harpes with processes on costal margin 2. 

Harpes without processes on costal margin 8. 

2. Harpes with apex of cueullus evenly rounded 3. 

Harpes with apex of cueullus produced into a point 

costally 4. 

3. Lobes of juxta long and narrow contact ella Walk. 

Lobes of juxta short and broad aonosvmana Meyr. 

4. Aedeagus with long apical filament 5. 

Aedeagus without long apical filament . . iophaea Meyr. 

5. Harpes with apical costal process slight; “ampulla*' 

short, not clavate; juxta with lobes rather incurved 
apically charaxias Meyr. 

Harpes with strong apical process; “ampulla" rather 
long, clavate; juxta with lobes not incurved 
apically 6. 

'6. Harpes with apical process blunt and median process 

short cry od ana Meyr. 

Harpes with apical and median costal processes 
pointed and fairly long 7. 

7. Harpes with apex rectangularly excised; juxta v- 

shaped basally . epomiana Meyr. 

Harpes with apex roundly excised; juxta u-shaped 

basally n. sp. 

8. Harpes with median area of costal margin scobinate exochana Meyr. 
Harpes with median area of costal margin not 

scobinate 9. 

9. Inner margins of tegumen armed with minute teeth 10. 

Inner margin of tegumen not so armed adreptella Walk. 

10. Harpes with sacculus long, markedly narrowed basal- 
ly; aedeagus without cornuti; juxta with broad 

basal plate, lobes slightly dilated eriphyUa Meyr. 

Harpes with sacculus moderate, little narrowed basal- 
ly; aedeagus with lateral patches of cornuti; juxta 
with narrow basal plate, lobes not dilated . maculosa Philp. 


LETTERING. 

(Lettering: ae, aedeagus; ap, ampulla; c, cornuti; cu, cueullus; de, 
ductus ejaculatorius ; h, harpe; pt, apical processes of tegumen ; sa, sacculus; 
sc. saccus; t, tegumen; u, uncus; v, vinculum; vi. vitta. Unless otherwise 
stated the views of the genitalia (A) are from the lateral aspect, those of 
the harpes (B) are from within, and those of the tegumen (C) central ones.) 
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Fig. 1. — Carpostna gonosemana Meyr. A, male genitalia. B, harpe. C, 
tegumen. D, aedeagus, dorsal view. B, Juxta. J. vinculum. 

Fig. 2. — C. contactella Walk. A, male genitalia. B, karpe. C, tegumen. 
D, aedeagus, lateral view. E, Juxta. 

Fig. 3. — C. tophaea Meyr. A, male genitalia. B, harpe. C, tegumen and 
vinculum. D, aedeagus, lateral view. E, juxta. 

Fig. 4. — C. charaxtas Meyr. A, male genitalia. B, harpe. C, tegumen. 
D, aedeagus, dorsal view. E, Juxta. 

Fig. 5. — C. exochana Meyr. A, male genitalia. B, harpe. C, tegumen, D, 
aedeagus, dorsal view. E, juxta. 
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Fig. 6.— C. epomiana Meyr. A, male genitalia. B, harpe. C, tegumen. 
D, aedeagus, dorsal view. E, juxta. 

Fig. 7. — C. n. sp. A, male genitalia. B, harpe. C, tegumen. D, aedeagus, 
dorsal view. E, Juxta. 

Fig. 8. — C\ cryodana Meyr. A, male genitalia. B, harpe. C, tegumen. D, 
aedeagus» dorsal view. E, juxta. 
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Fig. 9. — C. adreptella Walk. A, male genitalia. B, harpe. C, tegumen. 
D, aedeagus, dorsal view. E, juxta. 

Fig. 10. — V. enphylla Meyr. A, male genitalia. liarpe. C, tegumen. 

D, aedeagus, dorsal view. E, juxta. J, vinculum. 

Fig. 11. — C. maculosa Pliilp. A, male genitalia. B, harpe. C, tegumen. D, 
aedeagus, dorsal view. E, juxta. 
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Notes and Descriptions of New Zealand Lepidoptera. 

By Alfred Philpott, Hon. Research Student in Lepidoptera, 
Cawthron Institute, Nelson. 

[Head before the Nelson Philosophical tiociety, 12th September, 1928; 
received by Edhtor, 2Dth September, 1928: issued separately, 

16th November, 1928.1 

Erebia merula Hew., Ent. Mo. May., 12, 10 (!1875) ; Oreina othello 
Fered., Trans. N.Z, Inst., 8, 302 (1876). 

<)UR largest Erehia is commonly known as E. pluio Fereday, but a 
study of the literature shows that its proper name is E. merula 
llewitson. In a paper entitled “ Observations on a Paper read by 
Bathgate before the Otago Institute, 11th January, 1870, ‘On 
the Lepidoptera of Otago’ {Trans. N.Z. Inst., 4, 214 (1872), Fere- 
day writes as follows, “ 1 may also mention a black butterfly found 
on the bare summits of the snow>’ mountains. ... I believe it to be 
a sj[)eeies of Erebia and have named it E. pinto.'’ These remarks 
do not constitute anything more than casual mention and the single 
word “ black, especially in the absence of a figure, cannot lie 
termed a description. Four years later {Trans. N.Z. Inst., 8, 302), 
Fereday published a very full description of the buthn'fly, accom- 
l)anied by a figure, which bore the legend Oreina othello n. sp.,’’ 
the alteration in the name originally proposed being accounted for 
by “ iduto’’ l)eing preoccu])ied. In the meantime, however, Hewitson, 
th(‘ British lepidopterist, had received an example of tlic species from 
Herman Strecker of Pennsylvania and had described it Jis E. merula 
in the Ent. Mo. Mag. for June, 1875 (p. 10), thus antidating Fereday ’s 
othello h} nearly a year. In December, 1876, Butler published an 
article on the butterflies of New Zealand in the Ent. Mo. Mag, (vol. 
13, p. 152) and adopted the name ‘‘ pluto,’’ giving as a reason for 
discarding Hewitson ’s* menda that “although Mr. Fereday only 
dcs( rilx's this si)ecies as black, not mentioning the ocelli, his name 
will have to stand, since there is no other black Enhia in New 
Zealand.” lUitler, it should be noted, does not give the reference 
to “pluto” but a full reference to othello, a circumstance which 
seems to indicate that he regarded the actual describing of the species 
to date from 1876; and it is the date of such description which alone 
matters. I do not think there is any reading of tlie International 
Rules which could be interpreted as validating a specific name sup- 
ported only by the words ‘ ‘ I may also juention a black butterfly. ’ ’ 

LYCAENIDAE. 

CLrysophanus feredayi Bates, Ent, Mo. Mag., 4, 53 (1867) ; C. enysn 
Butler, Ent. Mo. Mag., 13, 153 (1876). 

Owing apparently to some confusion on the part of A. G. Butler 
the name enysii has been commonly adopted for Bates's feredayi. At 

♦Butler gives the year 1874 as the date of Hewitson's paper; it should 
be 1875. 
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the reference quoted above Bates described his species as differing, 
among other characters, from (7. edna (a synonym of C. saUustius 
Fabr.) by the colour of the undersides of the hindwings, which ho 
stated were ‘‘yellow, with a broad curved discal patch and a wide 
posterior border (confluent at the apex) violet -brown/ ’ Nine years 
afterwards Butler (see above reference) described enysii, but his 
description seems to be only an ampliflcation of Bateses diagnosis of 
feredayi, a species he treats as separate without further comment. 
Fereday, who had supplied Bates with the type material, published 
a paper in 1878 {Trans, N,Z, Inst,, 10, 252) in which he flgured upper 
and under sides of C. feredayi, the drawings, though uncoloured, quite 
satisfactorily showing the characteristic markings. In the same volume 
(p. 263) Butler had an article in which he redescribed and flgured 
his enysii as well as Bates ’s feredayi. These figures show that he had 
confused the species. Figures 4, 5 and 6 (pi. 12) represent C, enysii \ 
4 is apparently a dark specimen of C, sallustius Fabi*., 5 is the unmis- 
takable underside of feredayi, while 6 is the upper-side of the same 
species. Figures 7, 8 and 9 are devoted to C. feredayi. But none of 
them at all agrees with Bates’s description; it is impossible to recon- 
cile the markings of either upper or under-sides with the characters 
as given by the describer of the species. A further point which 
strengthens the conclusion arrived at above is that Butl(‘r describes 
feredayi as having “the whole ground colour of the secondaries 
brown,” a statement directly at variance with Bates’s description. 
As a matter of fact there is a race of sallustius in whi(*h the under- 
sides of the hindwings are uniformly brown, the upper-surfaces of 
the forewings being much darker than in the typical form. It seems 
not improbable that Butler founded his enysii on an example of this 
race (which may ultimately prove to be a good species) and a 
specimen of the true feredayi. It should be noted that Longstaff 
{Trans, N,Z. Inst,, 44, 115) pointed out that Bates’s name had 
priority and that the types, which are in the British Museum, were 
clearly conspecific. 

I found C, feredayi very abundant in a lowtying i)icce of mixed 
forest on the shores of Lake Rotoroa. This was early in January, 
and the specimens were all in fresh condition. 

NOCTUIDAE. 

Ectopatria aspera (Walk.), Cat,, 11, 601 (1857) ; E, provida (Walk. 

Cat, 15, 1737 (1858); E, canescens (Walk.), Cat, 33, 757 

(1865). 

It is 70 years since Walker described his provida, the specimen 
being from Auckland. Seven years later he named another Auckland 
specimen of the same species, canescens. Both these names are, how- 
ever, synonyms of his aspera, an Australian species described in 1857. 

far as I am aware, no specimens of aspera have been captured 
since the Auckland examples were secured, but I have now to record 
the taking of 3 males and 3 females at Nelson during the past 
season. Three of these were secured by Mr. E. Gourlay and the 
others by myself, the dates of capture ranging from the last weell 
in October to the third week in March. 
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I am indebted to Mr. Meyrick for the determination of the 
spi'cies and for full information as to the synonymy. The species 
has been described and figured by Hjxmpsou {Cat. Lep. Pfial. B,M., 
4, 654, pi. 77, 27). A brief diagnosis is given below. 

$ $ . 36-38 mm. Forewings and thorax whitish-grey ; basal, 
1st and 2nd lines obscure, waved, interruptedly margined with black; 
stigmata margined with black; claviform elongate, orbicular round 
or oval, reniform constricted at middle; two or three black dashes 
in centre of suterminal area. Hindwings in $ white with broad 
fuscous area round apex and termcn; in $ wholly fuscous. 

The $ has a dense truncate tuft of hair on the middle tibia, 
a character which llampson seems to have overlooked. 


Aletia mitis (Butl.), Proc. Zool. Soc. Lond.^ 1877, p. 383, pi. 42, 5; 
Aletia gourlayi Philp., Trans. N.Z, Inst., 53, 337. 

After re-examination of the type of gourlayi (now in the Canter- 
bury Museum) I ])olieve the above corrc(*tion to bo necessary. 


Aletia dentata Philp., Trans. N.Z. Inst., 54, 148. 

In his recent finely illustrated monograph, The Butterflies and 
Moths of New Zealand, Hudson treats this species as a synonym of 
A. cuneaia Philp. I am unable at present to accept this emendation, 
dentata being a smaller and darker insect than emuata and, indeed, 
superficially more lu'arly approaching panda Philp. Unfortunately, 
no male of diutaia has been available for genitalia examination. 

Melanchra pictula (White), Te Ika a Maui, pi. 1, 3 (1855) ; M. 
rhodopleura (Meyr.), Trans, N.Z. Inst., 19, 19 (1887) ; M, 
rhodopleura Huds., N.Z. M. and B., p. 19, pi. 4, 38; M. rhodo- 
pleura Sunley, Trans. N.Z, Inst., 43, 129; M. rhodopleura 
Meyr., Trans. N. Z. Inst., 44, 100; M. rhodopleura Huds., B. 
and M, N.Z., p. 63, pi. 7, 32. 

M. meyricci (Hamps.), Ann, and Mag. Nat. Hist., (8), 8, 421 (1911) ; 
M. pictulu (Butl.) ncc White, Proc. Zool. iSoc. Loud., 1877, 386, 
pi. 42, 1; M, pictula (Meyr.) ncc White, Trans. N.Z, Inst., 
19, 18; M. pictula Huds. nec White, N,Z. M. and B., p. 19, 
pi. 4, 37 ; M. pictula Ham. ncc White, Trans. N,Z. Inst., 43, 
117 and 119 ; M. pictula Meyr. nec Wliite, Trans. N.Z. Inst., 
44, 100; M. pictula Huds. nec White, B. and M. N.Z., p. 63, 
pi. 7, 33. 

The synonymy of these two species hinges on which form White's 
figure refers to. There cannot be the least doubt that the figxire 
represents the species without the white reniform and with the wholly 
fuscous hindwings, that is, the rhodopleura of Meyrick. Longstaff 
{Trans. N,Z. Inst., 44, 110) indicated the correct nomenclature, but 
did not refer to the synonymy of the two species, and the majority 
of New Zealand collectors still use the erroneous names. 
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M. furtiva Philp., Trans. N.Z. Inst., 55, 663. 

Hudson {B. and M. N.Z., p. 66) treats furtiva as a variety of 
M. mu tans Walk., remarking that specimens of the female (of 
mutans) from high altitudes are often more silvery than those from 
the lowlands and this form has been recently described .... under 
the name of Melanchra furtiva/* It is, however, the male of furtiva 
which differs most from mutans \ the female is often only separable 
with difficulty. Apart from the ground-colour of the forewings in 
the males — in mutans dull brown tinged with reddish or ochreous, 
in furtiva clear pinkish-brown — ^therc are good structural differences 
in the antennae, furtiva having the eiliations appreciably longer 
than mutans. 'J'hc harpes (valvae) of the two species are figured in 
Trans. N.Z. Inst., 55, 665, and it will be seen that here also the 
structural differences are sufficiently marked. 

IIYDRIOMENIDAE. 

Hydriomena praerupta Philp., Trans. N.Z. hist., 50, 125. 

Hudson {B. and M. N.Z., p. 100) considers this to be a variety 
of H. calUcMora Butl. The species are certainly much alike super- 
ficially and it is not easy to pick out definite distinguishing characters, 
but when series of each are compared the difference of facies is 
apparent. The male genitalia, for the most part, exhibit only slight 
differences, but the shape of the tegumen, as viewed from above, is 
sufficiently striking; the absence of a chitinized gnathos in calhvhlora 
and the strong basal chitinization of the organ in praerupta is also 
conclusive for specific separation (see Pigs. 1 and 2). 

Xanthorhoe eupitheciaria Guen., Enl. Mo. Mag., 5, 95. 

Referred by Hudson {B. and M. N.Z., p. 113), with some doubt, 
to X. cinerearia Dbld. Examination of the male genitalia shows that 
the species is more widely separated from cinerearia than from X. 
semisignata Walk, and -V. plumbea Fhilp. (see Figs. 3, 4, 5 and 6). 

X. obscura Philp., Tracis. N.Z. Inst., 53, 338. 

Originally I described this form as a subspecies of X. h(dms 
Meyr., but I am now prepared to admit it to full specific raiilc 

Notoreas zopyra Meyr., Trans. N.Z. Inst., 16, 89. 

Hudson {M. and B. N.Z., p. 126) has united this with N. brephos 
Walk., at the same time ver^^ accurately pointing out tlie distinctions 
between the two rorms. The male genitalia, however, show many 
pronounced differences. The uncus is apically blunt in brephos, 
sharp in zopyra^ the lobes of the juxta (cristae) are quite different 
in the two species, while the harpes (see Pigs. 7 and 8) exhibit 
several distinguishing features. 

Dasyuris austrina Philp., Trans. N.Z. Inst., 58, 359. 

An excellent figure of this species (as a var. of D. heciori Butl.) 
is given by Hudson {B. and M. N.Z., pi. 15, 20;. 
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SELIDOSEMIDAE. 

Selidosema fluminea Philp., Trans. N.Z. Inst., 56, 389; Sf. productata 
Walk, var., Huds., B. and M. N.Z., p. 139, pi. 48, 26. 

Both productata and fluminea are subject to considerable varia- 
tion, but I have not met with any examples which could not l)e 
reierred to one or tlie other species without hesitation. The antennal 
pectinations of fluminea are slij^htly shorter than those of productata 
and the male f?enitalia offer good distinguishing features (see Figs. 
9, 10, 11 and 12). 


PlIYCITIDAE. 

Homoeosoma farinaria Turner, Froc. Hoy. Soc. Q. (1903) 128. 

I am indel)ted to Dr. A. Jefferis Turner for the determination 
of this species, which has long been con fused (in New Zealand) with 
If. vcujella Z. Dr. Turner informs me that though originally describ(‘d 
from Tasmania it occurs also in Queensland and New South Wal(‘s. 
In New^ Zealand the species is not uncommon, though aiipanmtly 
somewhat local. It has been taken in both Islands and records extend 
from Invercargill in the South to (^amlmidgc in the North. It is 
seldom found by day, but is a frequent visitor to lighted windows, 
under which circumstances it occurs from early November to the 
lieginning of May. Recently the moth has been bred out fi’eely in 
the Cawthron Insect Lalioratory from larva(‘ found feeding on the 
ragwort {Senccio Jacobaea) at rambridge, N.I. The true vagcJla 7j., 
which is a smallei’ and more oliscure insect, is comparatively rare, 
though it has been known to occur in New Zealand for about 30 
years. 


PTEROPHORIDAE. 

Platyptilia indubitata new name. 

I propose the above name for P. fcrrmjinca Philp. {Trans. N.Z. 
54, 150) preoccupied by ferrnginca Walshiiigham Trans. Ent. 
Soc. Land., 1897, p. 35). Hudson {B. and M. N.Z,, p. 207) considers 
indubitata to be a synonym of falcatalis AValk., but apart from 
coloration, the species arc easily distinguished by structural char- 
acters. In falcatalis there is always a i)rominent tooth of black 
scales in the fringes of the forewings at ^ and a similar ])atch in 
th(^ hindwings just beyond the middle; these scale-i>atches are not 
present in indubitata. 


Platyptilia pulverulenta Philp., Trans. N.Z, Inst., 54, 149. 

This species is also tj’eated by Hudson (at previous reference) as 
a synonym of falcatalis; it diifers, however from that species in the 
same way as does indubitata. It is possible, however, that pulvcru 
lenta and indubitata are the same species, in which ease pulverulenta 
has i)age priority. 
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BuO. Do.sal vle,v of 

-Xanthoiho€ eupitneciana Guen. Harpe, from within. 

-X. ctnerecLiid Dbld. Harpe, from within. 

-X pluinl>ea Philp. Harpe, from within 
-X semtsignata Walk. Harpe, from within. 

-Notoieas zopvra Meyr Harpe, from within. 

~N. brephos Walk Harpe, from within 
-Selidosema fltminca Philp Juxta. 

--^^th^sevia fiumtnea Philp. Aedeagus. 

—8» productata Walk. Juxta. 
vroductata Walk. Aedeagus 

^Borkhausenia sinuosa Philp. Male genitalia, lateral view. 
^Borkhausema stnuosa Philp. Harpe, from within. 
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TORTRICIDAE. 

Epichorista fraudulenta (Philp.), Trans. N,Z. Inst., 58, 363. 
Originally described as an Eurythecta. 

E. abdita Philp., Trans. N.Z. Inst., 55, 664. 

Considered by Hudson (B. and M. N.Z., p. 238) to be a synonym 
of E. emphanes Meyr. Reference to the figures of the male genitalia 
(Trans. N.Z, Inst., 55, 665) will show markedly different structural 
peculiarities, 

Tortrix incendiaria (Meyr.), Trans. N.Z. Inst., 54, 164. 

As intimated in ‘ ‘ The Male Genitalia of the New Zealand Toii:ri- 
cidae’’ (published elsewhere in this volume) I propose the removal 
of this species from Ecclitica to Tortrix. 

Oelophaula vana n. sp. 

5 . 26-29 mm. Superficially extremely like G. siraea Meyr., but 

a larger and less bright insect. The yellow median stripe of the 
forewings is not so bright as in siraea and tends to be more suffused, 
not infrequently occupying nearly all the lower half of the wing. 
The fringes of the hindwings are usually yellowish tinged, not white 
as in siraea. 

9 . 29-32 mm. Porewings pale yellow sprinkled with fuscous, 
the venation clearly marked in a paler tint. Hindwings white, dusted 
with grey except apically. 

Hunter Mountains. Abundant at about 4,000 feet in December 
and January. For figures of the male genitalia see an article in this 
A olume dealing with the New Zealand Tortricidae. Holotype ( (? ) , 
allotype ( 9 ) and a series of paratypes in coll. Cawthron Institute. 

Ecclitica torogramma (Meyr.), Trans. Ent. Soc. Land., 1897, 388. 

Reference to an article on the male genitalia of the Tortricidae, 
to be found elsewhere in this volume, will show that I have thought 
it necessary to transfer this species from Tortrix to its present 
position. 

Cnephasia fastigata Philp., Trans. N.Z. Inst., 48, 442. 

Originally described as a Tortrix; T now place it in this genus. 

EUCOSMIDAE. 

Raumatia n. g. 

Antennae in male minutely ciliated. Palpi moderate, second 
segment thickened with scales above and beneath, terminal segment 
short. Thorax without crest. Porewings, in male with costal fold; 
smooth; termen very oblique; 3, 4, 5 equidistant at origin, 11 from 
before middle of cell, 10 much nearer 9 than 11 (in trirnaculata only 
slightly). Hindwings with 7 veins, 5 absent, 6 and 7 approximated 
towards base, cubital pecten very slight. Male genitalia with harpes 
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lar^e, neck incurvation strong, spines absent or very small; uncus 
feeble, simple or bifid; socii plate-like; gnatlios absent; aedeagus 
rather small, nearly straight, apex scoop-shaped. 

(lenotype. — Eurythecta potamias Meyrick. 

The genus is erected for the reception of the following three 
species. 

H. poiamias (Meyr.), Trans. N.Z. In^t.y 41, 11. 

B. varia (Philp.), Tran^. N.Z. Inst., 48, 421. 

R. trwmculata (Philp.), Trans. N.Z. Inst., 47, 198. 

The last-named species does not well agree with the others 
generically and it may yet have to be separated therefrom. 


OBCOPIIORIDAB. 

Borkhausenia xanthodesma Philp., Trans. N.Z. Inst., 54, 151. 

A species treated by Hudson {B. and M. N.Z,, p. 261) as a 
synonym of B. compsograrnma Meyr. There can, however, be no 
doubt as to the distinctness of the two, the male genitalia being 
widely different (see Figs., Trans. N.Z. Inst., 56, xanthodesma p. 409, 
compsogranima p. 410). 

B. melanamma Meyr., Tracts. Ent. Soc. Land., 1905, 240. 

Under this species Hudson includes, with a query, B. sahulosa 
Philp. and B. terrena Philp. There is little doubt as to the validity 
of terrena (compare genitalia figures of terrena, {Trans. N.Z. Inst., 
56, 392) with those of melanamma {ih. 56, 412). In the case of 
sahulosa no examination of the genitalia has been made, but the 
species is superficially unlike melanamma. 

B. sinuosa n. sp. 

$ . 17-19 mm. Head and thorax clear yellow. Palpi yellow, 
second segment mixed with fuscous without. Antennae greyish- 
fuscous, ciliations in $ Abdomen greyish-white, anal tuft 
ochreous. Legs ochreous-white, anterior pair strongly infuscated. 
Forewings elongate, costa well arched, a])ex rounded, termen obliquely 
rounded; clear yellow; costa at base narrowly edged with brown; 
fringes concolorous with wing. Hindwings and fringes whitish-grey. 

Superficially hardly separable from B. enodis Philp., though the 
costa is rather more arched and the apex more rounded. The Tiiale 
genitalia, fortunately, offer good differentiating characters, the shape 
of the uncus being, as far as I am aware, unique among New 
Zealand members of the genus (see Figs. 13 and 14 of this article 
for sinuosa and Trans. N.Z. Inst., 58, 85, Fig. 3, for enodis, 

Wellington, in December. Two males taken in the Botanical 
(hardens. Holotype ( $ ), paratype and a slide of male genitalia in 
coll. Cawthron Institute. 

Looheutis pulla n. sp. 

$ . 13-14 mm. Head fuscous, neck ochreous. Palpi fuscous, 
second segment mixed with ochreous. Antennae fuscous, ciliations 



Philpott. — Notes and Descriptions of N.Z. Lepidoptera. 489 


in $ 2, Thorax bronzy-fuseous. Abdomen leaden- fuscous, bronzy- 
fuscous dorsally. Legs leaden-fuscous mixed with ochreous, tarsi 
obscurely annulated with ochreous. Porewings moderate, costa 
moderately arched, apex obtuse, termen oblique; brownish-fuscous; 
costal edge ochreous; stigmata obscure or absent, jdical at about 
Fringes concolorous with wing. Hindwing fuscous, fringes paler. 

A darker species than vagata Mcyr. and at once distinguished 
by the shorter antennal pectinations. 

One male taken at Lake Rotoyoa about the middle of ^January 
and two others secured on Mount Cedric at an elevation of 4,000 ft. 
Holotype { $ ), paratypes and a slide of male genitalia in coll. Caw- 
thron Institute. 


PLUTELLIDAE. 

Protosynaema matutina n. sp. 

5 . 10 mm. Head and thorax purplish-brown. Palpi ochreous 

white. Antennae purplish-brown with some white scales, in $ 
strongly thickened with scales, to near ai)ex. Abdomen greyish- 
fuscous. Legs purplish-fuscous, tarsi annulated with white. Pore- 
wings with costa moderately arched, apex rectangular, termen 
slightly rounded, oblique ; purplish -fuscous mixed with bright 
brown and purplish-white; a broad metallic green striga 
from costa near bas^T outwardly oblique and reaching to fold, 
anteriorly and i)osteriorly broadly margined with dark pur])lish- 
fuscous; a similar striga at J, reaching across wing, outw^nrds curved, 
anteriorly broadly margined with bright brown mixed with black 
on inedian portion, i)osteriorly more narrowly margined with bright 
lirown ; an irregular striga of same colour from tornus to middle of 
wing, margined with brown; a metallic green line round termen, 
anteriorly margined with blackish : fringes bright brown. Hindwings 
greyish-fuscous, darker a pi cal ly; fringes greyish-fuscous. 

Differs structurally from P. steropucha Meyr. in the unindented 
termen of the forewing and from P. quacshiosa Meyr. in the much 
more extensive thickening of the antennae. 

Mount Arthur Tableland, early in November. A single male 
taken at about 4,500 ft. Holotype in coll. Cawthron Institute. 


TINEIDAE. 

Archyala oipulenta Phily)., Trans. N.Z. Inst., 56, 398. 

Considered by Hudson {B. and M. N.Z., \). 341) to be identical 
with A. terranea Butl. The resemblance between the two is fairly 
close, but the male genitalia disprove sy)ecific identity (see Pigs. 
Trjins. N.Z. Inst., 58, 94). 

Mallobathra augusta n. sp. 

$ . 20 mm. Head and palpi tawny. Antennae browm mixed 
with ochreous, ciliations in ^ 2. Thorax and abdomen purplish- 
brown. Legs purplish-brown mixed with ochreous, tibiae and tarsi 
annulated with ochreous. Porewings elongate, narrow, costa moder- 
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ately arched, apex rounded, tertncn strongly oblique; ochreous; 
strigulated throughout with dark purplish-fuscous; a blotch of 
purplish-fuscous on costa at middle and a similar one on dorsum 
beneath; fringes fuscous-grey. Hindwings dark fuscous; fringes 
fuscous-grey, paler apically. 

The largest of the genus yet described. The long but narrow 
wings sufiSciently separate it from any other species. 

A single male taken in November at about 3,000 ft. on the 
Mount Arthur Tableland track. Holotype in coll. Cawthron 
Institute. 

M. sMgulata Philp., Trans. N.Z. Inst., 55, 214. 

This species is considered by Hudson {B. and M. N.Z., 352) to 
be synonymous with M. crataea Meyr. The members of the genus 
are often superficially much alike, but in the case under considera- 
tion there exist good genitalia characters for differentiation (see Pigs., 
Tram. N.Z. Inst., crataea, p. 98, strigulata, p. 100). M. fenwichi 
Philp. (i6. 55, 214) is also treated by Hudson (same reference) as 
equal to crataea, but in this instance material for dissection has not 
been available. I should, however, consider this form to be more 
nearly related to M. homalopa Meyr. than to crataea. 


MNESARCHAEIDAE. 

Mnesarchaea similis Philp., Trans. N.Z. Insf., 55, 667. 

This species is treated by Hudson (B. and M. N.Z., p. 367) as 
a synonym of M. hamadelpha Meyr., but as noted in the original 
description of simUis, there are good differentiating characters in the 
male genitalia. The colour and markings of the two forms, though 
similar, arc by no means identical. The basal fuscous stripe on 
the costa of the forewing is apically pointed in hamadelpha, but 
blunt or suffused in similis; also, the thorax is ochreous in .wnilis, 
white in hamadelpha. For figures of the genitalia see Trans. N.Z. 
Imt., 55, 666 and 57, 714, pi. 57, 22 and 23. It is possible, 
however, that similis Philp. may really be hamadelpha Meyr. which 
would leave the insect usually regarded as that species without a 
name. Steps will be taken to ascertain the position. 
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Sixth Supplement to the Uredinales and Ustilaginales 
of New Zealand. 

By G. H. Cunningham, Mycologist, Plant Research Station, 
Palmerston North, New Zealand. 

[Read before the Welhngton Philosophical Society, 27th June, 1028; received 
by Editor, 15th August, 1028; issued separately, 

23rd November, 1028.] 

Recently, throuj^h the courtesy of Mr. W. R. B. Oliver, Acting- 
Director of the Dominion Museum, I was able to examine for the 
presence of Rust and Smut Fungi, the large number of New Zealand 
flowering plants in the Petrie Herbarium, now placed in the Dominion 
Museum, Wellington. Prom this large collection, surprisingly few 
fiiiigi were obtained, about one hundred species in all, only one of 
which was undeseribed. 

Early this year I was enabled to make an extensive collecting 
tour through tlic provinces oL* Otago, Canterbury, Westland and 
Nelson, accompanied by Dr. 11. H. Allan, Botanist to the Plant 
Research Station. Togeth(»r we succeeded in obtaining approximately 
COO collections of Rusts and Smuts, ))elonging to 78 species Of 
these 18 were either undescribed or hitherto unrecorded for New 
Zealand. 

The object of this ])aijcr is to present descriptions of these species, 
together with additional hosts, collected on this tour, or obtained 
from the P(*trie Herbarium, Several additional stages of already 
described species have also been collected, necessitating one or tAvo 
corrections in matter already published. 

I am indebted to Dr. Allan for naming the hosts of all the collec- 
tions obtained, and for the numerous collections he made for me 
during the tour. 


UREDINALES. 

*1. Puccinia amaudensis n. sp. JUNOACEAE. 

0. Unknown. 

II. llredosori erumpent, scattered, bullate, pulverulent, ferru- 
ginous, elliptical, 1 mm. diam. Spores shortly elliptical or obovate, 
3540 X 22-25 mmm.t ; epispore pallid ferruginous, 1.5-2 mmm. thick, 
except at the apex where thickened to 6 mmm. and deeper in colour, 
finely and densely echinulate; germ pores inevident. 

III. Tcleutosori erumpent, scattered, elliptical, 1-4 mm. long, 
bullate, pulverulent, chestnut-brown, surrounded by the ruptured 
epidermis. Spores subclavate or elliptical, 28-48 x 17-24 mmm.; 
apex rounded, not or scarcely thickened, base attenuate, less commonly 
rounded, basal cell larger and slightly narrower; not or slightly 

'"Illustrations of these species will be presented in a book on the New 
Zealand Uredinales, now in the course of preparation. 

tmmm: abbreviation used for micron. 
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constricted at the septum; epispore chestnut -brown, 2 mnim. thick, 
finely and sparsely verrucose; pedicel deciduous, hyaline, fragile, 
to 20 X 6 mmm. ; germ pore of the upper cell apical or less frequently 
^ towards septum, basal pore immediately above the pedicel or 
between the septum and the pedicel, both conspicuous and occasionally 
papillate. 

X. Mesospores rare, elliptical or obovatc, 2G-32 x 16-20 mmm. 

Host : Eosfkoi^ia gracilis Hook. f. 

Mt. St. Arnaud, Nelson, 1,800 m., 2/28. H. H. Allan! Type. 

The host is endemic and confined to the mountain regions of 
the South Island (rheosom. 1925, p. 291). 

This species differs from P. Posfkmnac Speg. on Hostkovia grandi^ 
flora in South America, in the epispore of the teleutospore being 
verrucose, not smooth, and in the absence of paraphyscs and presence 
of uredospores. 

2. Puccinia Orahami n. sp. UMBELLIPERAE. 

0. P.\cnia ainphigcnous, conspicuous, scattered, associated with 
the aecidia, flask-shaped, semi-erumpent. 

1. Aecidia amphigenous, chiefly epiphyllous, scattered evenly 
over the central parts of the leaf, and on petioles, seated on yellow 
spots; peridia 0.3-0,4 mm. diameter, cylindrical, standing above the 
leaf surface 1 mm., eroded, but not lacerate. S]')ores subglobose or 
shortly elliptical, 20-24 mmm.; epispore hyaline, 1 mmm. thick, 
minutely and densely verruculose. 

Ill, TeloutosT)ores amphigenous, compacted into dense linear 
series, 15 cm. or more in length, individual sori erum])ent, elliptical, 
0.5-1 mm. long, pulverulent, long covered. Spores elliptical or snb- 
clavate, irregular, 40-52 x 20-24 mmm ; apex rounded, seldom blnntlv 
acuminate, not or scarcely thickened, base acuminate, basal cell 
longer and narrower, cuneiform ; slightly constricted at the septum ; 
epispoT’e delicately verruculose, chestnut -brown, 1.5-2 mmm. thick; 
pedicel deciduous, hyaline, to 25 x 6 mmm ; germ pore of the n])])er 
cell apical or ^ towards the septum, basal pore i to ^ l)elow the 
septum, both conspieuous and papillate. 

X. Mesospores common, obovatc or fusoid, 35-4S x 20-24 mmm. 

Hosts: Aciphylla Monroi Hook. f. 

Sealev Lake, Mt. Cook, Canterbury, 1,500 m. 1/28. H. IT, Allan! 

Type. 

Mt. Trovatore, Westland, 1,200-1,500 m. 2/28. G,H,C. 

Aciphylla Monroi x Colensoi. 

Sealey Lake, Mt. Cook, Canterbury, 1,500 m. 1/28. IT. H, Allan! 

Both hosts are endemic, the former being confined to the moun- 
tain regions of the South Island (Cheesem. 1925, p. 665). 

This species is peculiar in that in a considerable number of the 
leleutospores there may be two germ pores in the eelL For example, 
there may be two pores in the upper, and one in the lower cell ; or 
two in the lower but one in the upper cell ; but in no case has two 
pores in each cell been noted. 

The rust is named in honour of Mr. Peter Graham, the well- 
known guide, for many years at Mt. Cook, now manager of Waiho 
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House, Franz Josef Glacier; to whom Dr. Allan and myself arc 
indebted for a very interesting and profitable tour of the mountains 
in the region of the Franz Josef Glacier. 


3. Puccinia Kinseyi n. sp. 

0. rnknown. 

1. Aecidia hypophyllous, when aggregated into small groups, and 
eaulicolous when crowded on inflated, sometimes distorted areas which 
may attain a length of 25 mm. or more, and on fruits when scattered 
(‘venly over the carpels; peridia cupulatc, 0.3-0.5 mm. diam., apex 
slightly erumf)ent, exj)anded but not revolute, lacerate when old. 
Spores subg]()])ose or })olygonal, 18-24 mmm. diam. ; episporc hyaline, 
1 miiim. thick, finely and densely vcrruculoso. 

IT. Uredosori hypophyllous, scattered, orbicular, 0.5 mm. 
diameter, pulverulent, pallid brown, partly covered by the ruptured 
<‘pidermis. S])orcs o])ovate or subglobose, 22-28 x 20-25 mmm.; 
epispore tinted lemon yellow, 1.5 mmm. thick, finely and rather 
sparsely eeliinulate; germ pores equatorial, 4, conspicuous. 

III. Teleutosori similar to the uredosori but chestnut-brown. 
Spon's elliptical or subclavate, 28-35 x 18-24 mmm.; apex rounded, 
not thickened, base rounded, basal cell slightly narrower; slightl^^ 
(‘onstricted at the septum; epispore smooth, 2 mmm. thick, chestnut- 
brown; pedicel deciduous, hyaline, to 35 x 8 mmm.; germ pore of 
the upper c(‘ll ai)ical, l)asal pore immediately above the pedicel, both 
often papillate and conspicuous. 

Host : Angelica gfuicnlata (Forst. f.) Hook. f. 

Faikaia Gorge Island, Canterbury, 400 m. 1/28. //. H, Allan! 

Type. 

The host is endemic and occurs in both Islands (Cheesem. 1925, 
j). 083). This species resembles most closely P. Anisotominis G. H. 
Cuiiii. on Anisotome FTaasfii, but is separated from this species in 
that tlu' a[)ices of the aecidiosj)ores are not thickened, and by the 
juucli smaller t el eutosi Hires, those of P. Anisotominis being 40-()0 x 
17-22 mmm. 

The rust is named in honour of Sir Joseph Kinsey, a staunch 
su])port(‘r of New Zealand botanical research. 


4. Puccinia keae n. sp. COMPOSITAE. 

O. I'^nknown. 

III. Teleutosori scattered, hypophyllous, orbicular, 0.5-1 mm. 
diam., pulverulent, orange or pallid chestnut-brown, naked but 
covered by the tomentum of the leaf. Spores linear-oblong, or sub- 
<‘lavate, 80-144 x 20-30 mmm.; apex rounded or less frequently 
slightly subacuminate, not thickened, base subattenuate, low^^U' cell 
longer and narrower than the upper, usually cuneiform; constricted 
at the septum ; epispore 1 mmm. thick, tinted, almost hyaline, smooth ; 
contents orange yellow; pedicel persistent, hyaline, length of the 
spore; germ pore of the upper cell apical, basal pore immediately 
beneath the septum, both obscure. 
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Host : Olea/ria nummular if olia Hook. L 

Kea Point, Mt. Cook, Canterbury', 700 m. 1/28. H, H. Allan-^ 
G.H.C. Type. 

The host is endemic and occurs in both Islands (Cheesem. 1925, 
p. 924). 

The rust is very close to P. hector ensis G. H. Cunn. on Senecio- 
BidwiUii, but differs in the thimier, tinted epispore, and slightly 
different shape of the teleutospore. The absence of an aecidium may 
also be a diagnostic character, but in the absence of pycnia it cannot 
be stated definitely that an aecidium does not occur in the cycle of 
the species under consideration. 

The teleutospores geriiiinate immediately on reaching maturity, 
giving to the sori a distinct orange colour. 

5. Puccinia perlaevis n. sp. 

0. Pycnia in small, scattered, epiphyllous, orbicular groups 
seated on discoloured spots, immersed. 

1. Aecidia orange, in small scattered epiphyllous groups of 3-7, 
often on the mid-rib, seated on discoloured spots. Peridia cylindi'ical, 
standing above the leaf surface 1.5 mm., 0.3-0.5 mm. diameter, mar- 
gins eroded, finally lacerate. Spores shortly ol)ovate, subglobos(‘ or 
polygonal, 24-30 x 16-22 mmm. ; epispore hyaline, 1 inmm. thick, 
covcix'd with densely packed angular warts, appearing reticula! e- 
areolate in consequence. 

II. ITredosori scattered, hypophylloiis, orange, fading to suli^liui’- 
yellow, crowded in the vicinity of the mid-rib, orbicular, 0.5-1 .5 mm. 
diam., pulverulent, naked. Sponvs fusiform, clavate or seldom ellip- 
tical, pointed at one or both ends, 40-56 x 16-20 mmm.*, epispore 
hyaline, smooth, 1.5 mmm. thick, thickened apically to 4 mmm. ; germ 
pores absent, replaced by odd scattered thin places in the wall; 
mixed with numerous hyaline, cylindrical paraphyses. 

III. Teleutosori similar to and mixed with the urcMlosori, sulphur- 
yellow, Spores elliptical or clavate, 80-100 x 20-30 mmm.; a])ex 
rounded, not or scarcely thickened, basal cell nearly twice as long 
as the upper, and narrower; constricted at the septum; epispore 
tinted brown, 1 mmm. thick, smooth; pedicel persistent, hyaline, to 
140 X 8 mmm. ; germ pore of the upper cell apical, basal pore imme- 
diately beneath the septum, both obscure; immixed with numerous 
hyaline cylindrical paraphyses. 

X. Mesospores lare, elliptical or obovate, 30-50 x 18-26 mmm. 

Host: Olearia laennosa Hook. f. 

Mt. Arthur, Nelson, 1,300 m. 2/28. G.H.C. Type. 

Mt. Rangitaipo, Westland, 1,200 m. 2/28. G.H.C. 

Mt. Trovatore, WcvStland, 1,000 m. 2/28. G.H.C, 

Mt. Mantell, Westland, 1,000-1,500 m. 2/28. GJLC. 

Alecs’ Knob, Franz Josef Glacier, Westland, 1,000 m. 2/28. 
G.H.C. 

The host is endemic and fairly widely distributed through the 
South Island, but confined to the Tararuas of the North Island 
(Cheesem. 1925, p. 922). 

This species possesses many peculiar features not present in 
any other New Zealand species; the uredosori are deeply embedded 
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in the host tissues, when they appear similar to aecidia, but as the 
spores are not in chains, nor enclosed within peridia, they cannot 
be confused with such. The most peculiar feature is that the uredo- 
spores are smooth, a character rare indeed for this spore stage in the 
Uredinales. Another peculiarity is that the uredosori are present in 
the cycle, the. only example in which the complete cycle is known in 
New Zealand Olearia and Senecio inhabiting species. The teleuto- 
srf)ores germinate immediately on reaching maturity, and arise from 
the uredosori. 

6. Melampsora novae-zelandiae n. sp. EUPHORBIACEAE. 

O. I. Unknown. 

II. Uredosori hypophyllous, seated on discoloured spots, orbi- 
cular, 0.5-2 mm. diam., scattered or more regularly arranged in 
circinnate groups, erumpent, orange, fading to pallid ochraceous, 
surrounded by the ruptured epidermis. Spores subglobose, 
16-20 mmm. diameter ; ci)ispore hyaline, 3-3.5 mmm. thick, moderately 
and tinely verruculose; germ pores 6-8, scattered, obscure; immixed 
with numerous, hyaline, capitate paraphyses, swollen at the apex to 
24 mmm. 

III. Unknown. 

Host: Euphorbia glaxtca Forst. f. 

Seal liock, Brighton, Westland, coast, 2/28. G.JLC, Type. 

Charleston, Westland, coast, 2/28. G.H.C. 

Cape Foulwind, Westland, coast, 2/28. GJI.C, 

The host is indigenous and fairly widely spread from the North 
Cape southwards; it extends also to Norfolk Island (Cheesem. 1925, 
p. 542). 

Although only uredospores are present on the abundant 
specimens at hand, the plant is olniously a Melampsora; the 
inflated hyaline paraphyses, and type of spores being typical of this 
genus. As several species have been recorded as occurring on 
Euphorbia (‘Isewhere, and as it is not possible to refer this to anj- 
one of th(‘se on account oL' their general similarity in the uredostage, 
it has been provisionally described as new, until such time as the 
telculospores are collected. 

7. Aecidium westlandicum n. i. sp. RANUNCULACEAE. 

0. Unknown. 

1. Aecidia hypophyllous, yellowish, scattered evenly over the 
leaf suri'ace, occasionally on petioles, not distorting; peridia 0.3-0.5 
mm. diam., slightly erumpent, margins only showing above the inflated 
epidermis, scarcely reflexed, white, toothed; spores shortly elliptical, 
subglobose, seldom polygonal, 18-22 mmm. diam.; epispore hyaline, 
1 mmm. thick, densely and minutely verruculose. 

Hosts: Calfha novae-zelandiae Hook. f. 

Sebastopol Range, Mt. Cook, Canterbury, 1,300 m., l/'28 
GM.C, Type. 

Craigieburn Range, Canterbury, 1,500 m., 1/28. H. H. Allan! 

Alecs' Knob, Franz Josef Glacier, Westland, 1,300 in., 1/28. 
O.H.C. 
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Caltha ohtusa Cheesem. 

Mt. liangitaipo, Westland, 1,200 m., 2/28. G.II.C. 

Both hosts are endemic and fairly widely distributed (Cheesem. 
1925, p. 454-455). 

The mycelium of this rust is systemic, etiolating the leaves and 
dwarfing the plant, and on this account rendering it conspicuous. 
Sometimes the aecidia parallel the mid-rib, forming lines of a few 
aecidia on either side. 

Owing to the imperfect descriptions published elsewhei'e, and to 
the absence of specimens, it is not possible to identify this species 
with any other rust occurring on Caliha; the sorus characters sepa- 
rate it from a plant Me Alpine (1906) has provisionally named 
Aecidiurn Calthae Grev. (the aecidial stage of Puccinia Calfhae Link), 
and its systemic habit is a feature not recorded for other spe(‘ies 
occurring on the same host genus. In view of these facts it is provi- 
sionally named as new until such time as the teleutospores have been 
collected. 


SCROPllULARIACEA K. 
8. Aecidium disciforme McAlpine, Rvsts of Australia, p. 194, 1906. 

0. Unknown. 

1. Aecidia amphigenous, chiefly hypophyllous, distorting and 
etiolating, systemic, scattered evenly and sparsely over the leaf 
surface; peridia sunken completely in the host tissues, 0.6-0.8 mm. 
diam., at first opening by a minute pore, becoming cupulate when old; 
peridial cells to 35 mmm. long, thin walled (2 mmm.), orbietilar, 
readily separable, striated. Spores shortly elliptical, or sul)glol)os(s 
18-24 mmm.; episimre hyaline, 2.5 mmm. thick, covered with dense 
coarse, rounded tul)ercules, contents reddish-orange. 

Hosts: Hebe glaucophyUa (Ckn.) Allan, comb. nov. 

Mt. Mantell, Westland, 1,700 m., 2/28. G.II.C. 

Ilebe Traversii (Hook, f.) Tkii. et Allan. 

Mt. Percival, Canterbury, 1,000 m., 1/28. H. II. Allan! 

The systemic mycelium, completely submerged peridia with their 
thin walled, readily separable cells, are the characters of this species. 
McAlpine records this on Veronica gracilis R. Br. and Y. cahjdna 
R. Br., and also mentions the fact that it causes thickening and 
distortion of the leaves. 


9. Aecidium Hebe n. f. sp. 

0. Unknown. 

1. Aecidia hypophyllous, scattered evenly and sparsely ovc'r the 
leaf surface, lemon-yellow in mass; peridia cylindrical, deeply 
immersed, standing above the surface 0.2-0.3 mm., toothed, 0.3-0.4 
mm. diam., finally disappearing in old specimens; peridial cells 
rhomboid, thick-walled, 6-8 mmm., sculptured, firmly compacted 
together. Spores polygonal or subglobose, 18-22 mmm. diam ; epispore 
hyaline, densely and minutely verruculose; contents pallid lemon- 
yellow. 
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Hosts: Hebe TreadweUn Ckn. et Allan. 

Black Birch Creek, Mt. Cook, Canterbury, 1,200 ni., 1/28. G.H.C. 

Type. 

Hebe macrantha (Hook, f.) Ckn. et Allan. 

Sealey Range, Mt. Cook, Canterbury, 1,300 m., 1/28. H. H. AlUm. 

Hebe macrantha var. brachyphyUa (Cheesem.) Ckn. et Allan. 

Mt. Isobel, Canterbury, 900 m., 1/28. O.H.C. 

Hebe Tra/oersii (Hook, f.) Ckn. et Allan. 

Mt. Isobel, Canterbury, 900 m., 1/28. G.H.C. 

Hebe elUptica (Forst. f.) Pennell. 

Seal Rock, Brighton, Westland, coast, 2/28. G.H.C. 

Charleston, Westland, coast, 2/28. G.H.C. 

This differs from the preceding in the different nature of the 
peridium, in not being systemic, and in the much finer markings of 
the spores. It differs from Aecidium Veronicae Berk, a species 
recorded from Australia, in that the spores are much smaller, mid 
possess thinner epispores. 


CAMPANULACEAB. 

10. Aecidium microstomum Berkeley, Journ. Linnean Society, vol. 

13, p. 173, 1872. 

A. Lobelias Theum., Grev., vol. 4, p. 75, 1875. 

0. Pycnia in small groups, amphigenous, flask-shaped, semi- 
erumpent. 

1. Aeoidia amphigenous, crowded on leaves and petioles, etiolat- 
ing, orange; peridia bullate, elliptical or subglobose, 0.5-2 mm. long, 
at first covered by the host tis.suc, and opening by a narrow pore, 
later becoming bullate and rupturing longitudinally; composed of 
a few scattered cells without definite cohesion, oval, flattened, to 
40 mmm. long, verruculosc. Spores subglobose, 22-24 mmm.; 
epispore hyaline, 2 mmm. thick, finely and densely tuberculate- 
areolate. 

Hosts: Pratia macrodon Hook. f. 

Kirkliston Range, Otago, 1,200 m., 1/28. G.H.C. 

Craigieburn Range, Canterbury, 1,800 m., 1/28. G.H.C. 

Mt. Trovatore, Westland, 1,300 m., 2/28. G.H.C. 

Pratia angulaka (Forst. f.) Hook. f. 

Raikaia Gorge, Canterbury, 400 m., 1/28. G.H.C. 

The latter host is endemic and fairly widely distributed; the 
former is confined to the South Island (Cheesem. 1925, p. 885). 

The mycelium of this species is systemic, tending to etiolate and 
distort infected plants, rendei-ing them conspicuous on this account. 
The very imperfect peridium is absent entirely from numerous sori, 
so that the plant is on the border line between an aecidium and a 
caeoma. When present the peridium consists of a few scattered 
dissociated cells, imperfectly cohering, and held in place by the 
epidermis ; consequently this structure is seen as a rule only in young 
sori, before the epidermis has fissured. 

Me Alpine (1906, p. 149) has also commented on this fact; he 
records this stage on Pratia erecta Gaudich., P. pedunculata Benth., 
and P. platycalyx Benth., as well as on Lobelia mceps L., L. 
prutioides Benth., and L. purpurascens R. Br. He places the form 
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under Puccinia aucta Berk, et F. v, M., because Lobelia anceps is a 
host for both; he has not succeeded in finding both stages on the 
same host at the same time, however. I believe them to be distinct 
because in the numerous collections of the aecidium recorded above 
and of Puccinia aucta, aecidia are confined to Pratia spp., teleuto- 
spores to Lobelia anceps. Further, collections of Lobelia anceps taken 
at all times of the year from a locality near Seatoun, have yielded 
only teleutospores. 

11. Aecidium Traversiae n. f. sp. COMPOSITAE. 

0. Pycnia hypophyllous, associated with the aecidia, immersed. 

1. Aecidia epiphyllous, on laterals and branches; on leaves in 
small scattered groups up to 5 mm. diam., on laterals and stems 
forming elliptical areas up to 10 mm. long, pallid yellow; peridia 
0.4-0.5 mm. diam., flask-shaped, opening to the exterior by a small 
aperture, scarcely evident above the surface of the tissues, margins 
fimbriate. Spores irregular in shape, elliptical, tending to fusiform, 
clavate or pyriforn^, sometimes apieulate, 36-43 x 22 r 28 mmm.; 
cpispore hyaline, 1.5 mmm. thick, densely and finely verruculose. 

Host: Traversia taccharoides Hook. f. 

Mt. Mantell, Westland, 1,700 m., 2/28. O.H.C. Type. 

The host is endemic and confined to the mountains of the South 
Island (Cheesem. 1925, p. 1027). 

On laterals are sometimes produced distorted inflations, but as 
a rule the rust is evident only on account of the colour of the 
aecidia in mass. 


12. Aecidium otira n. f. sp. 

0. Pycnia chiefly epiphyllous, flask-shaped, sparse, scattered, 
immersed, associated with the aecidia. 

1. Aecidia amphigenous and on petioles and stems, in scattered 
groups of 3-5, seated on discoloured spots visible on both surfaces, 
pallid orange, becoming lemon yellow; peridia 0.4-0.5 mm. diam., 
up to 2 mm. above the leaf surface, at first cylindrical, and scai’cely 
revolute, eroded, becoming lacerate with age; cells polyhedral, to 
70 mmm. long, hyaline, thick walled, sculptured. Spores elliptical, 
or obovate, 38-52 x 22-28 mmm.; epispore hyaline, 1.5 mimn. thick, 
densely cov(Ted with angular deciduous warts, appearing reticulate. 

Host: Olearia arborescens (Forst. f.) Ckn. et Laing. 

Mt. Egmont, Taranaki, 1,000 m., 2/23. E. H. Atkinson! ; 1,300 m., 
4/25, J. C. Neill!; 11/27, 1,000 m., G.H.C. 

Arthur's Pass, Canterbury, 900 m., 1/28. GJI.C. 

Alecs' Knob, Franz Josef Glacier, Westland, 1,300 m., 1/28 
G,H.C. 

The host is endemic and common throughout (Cheesem. 1925, 
p. 919). The aecidium shows a general resemblance to that of 
Puccinia novae-zelcmdiae G. H. Cunn. (and was included under this 
species in a previous paper) in its cylindrical shape, but differs in 
the hyaline, not tinted epispore, and in this structure being reticu- 
late and not verruculose. 
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13. Uredo haumata n. f. sp. GEAMINEAE. 

II. Urodosori hypophyllous, seated on discoloured spots visible 
on the upper surface, scattered and elliptical when up to 3 nun. long, 
or aggregated into linear series 1 cm. or more in length, pulverulent, 
pallid ferruginous brown, partly covered by the ruptured epidermis. 
Spores subglobose, or shortly elliptical, 36-42 x 32-36 mmni. ; epispore 
pallid cliestnut-brown, 2 iiimm. thick, moderately and finely verru- 
culose; germ pores scattered, 7-11, obscure. 

Hosts; Danihonia Cunninghamii Hook. f. 

Base of Stocking Glacier, Mt. Cook, Canterbury, 1,000 m., 1/28. 
GM.C, 

Tasman Moraine, Mt. Cook, Cantt'rbury, 800 m., 1/28. G.II.C, 
Type. 

Danihonia flavesccns Hook. f. 

Little Peel, Canterbury, 1,000 m., 1/28. GM.C. 

Jioth hosts are endemic and widely distributed (Cheescm. 1925, 
p. 172). 

The sj)ores are larger than those described by McAlpine (1906) 
for JJromgces Da/nthoniae from Australia, but otherwise show a 
general resemblance, especially in the numerous scattered germ pores. 
The species shows also a general resemblance to TJrcdo toe toe G. H. 
Cunn. on Arwfvdo conspicua, but is separated by the much larger 
spores. 

14. Uredo Schoenus n. f. sp. CYPERACEAE. 

II. Credosori scattered, seldom confluent, seated on discoloured 
reddish spots, elliptical, 1-2 nun. long, erumpent, bullate, long 
coveri‘d, ferruginous. Spores elliptical or obovate, 40-48 x 24-28 
mmm. ; epis])ore pallid fuscous, or yellowish-brown, 3 mmm. thick, 
save at the apex where thickened to 6 mmm. and darker in colour, 
moderately and somewhat coarsely echinulate ; germ pores equatorial, 
3-4, obscure. 

Host: ISchoenus pauciflorvs Hook. f. 

Cook Range, Canterbury, 700 m., 1/28. G.H.C, Type. 

The host is endemic and common throughout (Cheesem. 1925, 
]). 229). 

15. Uredo moschatus n. f. sp. COMPOSITAE. 

II. Ihvdosori hypophyllous, scattered, orbicular, 0.5-1 mm. diam., 
puh^rulent, pallid lemon-yeUow, deeply immersed in the tomentum 
of the leaf. Spores subglobose or obovate, 24-30 x 20-24 mmm.; 
epispore hyaline, 1 mmm. thick, finely and closely covered with small 
round-topped deciduous verrucae; germ pores equatorial, 3-4, not 
definite, appearing usually as thin places in the wall ; immixed with 
numerous cylindrical, hyaline paraphyses. 

Host ; Olearia moschata Hook. f. 

Black Birch Creek, Mt. Cook, Canterbury, 1,200 m. 1/28. G.H.C, 
Type. 

The host is endemic and confined to the South Island (Cheesem. 
1925, p. 923). 

The hyaline thin epispore characterizes the species. 
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16. Uredo Cheesemanii ii. L sp. 

II. Uredosori crowded in epiphyllous, orbicular groups up to 
5 mm. diam., deeply sunken in the tissues so that the apertures alone 
arc visible, 0.5 mm. diam. Spores shortly elliptical, slightly obovate, 
often angular, 40-56 x 32-44 mmm. ; epispore pallid cinnamon-brown, 
4-5 mmm. thick, sparsely and irregularly echinulate; germ pores 
equatorial, 4, obscure. 

Host: Senecio Adamsii Cheesem. 

Mount Arthur Plateau, Nelson, T, F. Cheeseman. Type. 

The host is endemic and occurs in both Islands; but is confined 
to the Tararua Raiige in the North Island. (Cheesem. 1925, p. 1024). 

The sori resemble accidia in that they are submerged within the 
flask-shaped cavities in the host tissues; the resemblance is further 
strengthened in that the cavities are in part lined with fungous 
tissue in the nature of a pseudoparenchyma; but as the spores are 
not in chains, and as no definite peridial cells are present, the plant 
must be considered an Uredo. 

The species is named from material taken from a collection 
of the host in the Petrie herbarium, collected by the late Mr. T. P. 
Cheeseman. 


xVdditional Hosts. 

Puccinia hectorensis G. H. Cunn. {T.N.Z.I., vol. 54, p. 683, 1923). 
Senecio viridis Kirk. 

Mt. Mantell, Westland, 1,700 m. 2/28. G.H.C. 

Senecio elaegnifoUus Hook. f. 

Mountain south of Fox Glacier, Westland 1,000 m. 1/28. 
G.H.C. 

Puccima Atkinsonii G. H. Cunn. {Ibid., vol. 54, p. 675, 1923). 
Olcaria ilicifolia Hook. f. 

Franz Josc‘i Glacier, Westland, 250 m. 1/28. G.II.C. 

Olearia ilicifolia x lacunosa (« 0. mollis (Kirk) Ckn.). 

Mt. Rangitaipo, Westland, 1,200 m. 1/93. D. Petrie! 
Tcramakau River, Westland, 150 m. 1/93. i>. Petrie! 
Puccinia pounamu G. H. Cunn. {Ibid., vol. 54, p. 688, 1923). 
Senecio hellidioides Hook. f. 

Mt. Mantell, Westland, 1,800 m. 2/28. G.H.C. 

Puccima whakatipu G. H, Cunn. {Ibid., vol. 55, p. 4, 1924). 
Anisotome petrosa Cheesem. 

Mt. Torlesse, Canterbury, 1,100 m. 1/93. I>. Petrie! 
Takitimu Mts., Southland, 1,200 m. 12/12. D. Petrie! 
Anisotome imbricata (Hook, f.) Ckn. 

Mt. Trovatore, Westland, 1,000 m. 2/28. G.H.C. 

Puccinia kopoti G. H. Cunn. {Ibid., vol. 54, p. 668, 1923). 
Anisotome intermedia Hook. f. 

Catlin's River, Otago, J. T. Bryant! (ex Petrie Herb.). 
Anisotome pilifera (Hook, f.) Ckn. et Laing. 

Mt. Trovatore, Westland, 1,500 m. 2/28. G.H.C. 
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Puccinia Celmisiae G. H. Cunn. {Ibid,, vol. 55, p. 8, 1924). 
Cehnisia Armstrongii Petrie. 

Arthurs Pass, Canterbury, 700-1,000 m. 1/28. H. H. Allan- 
O.H.C. 

Celmisia LyaJlii Hook. f. 

Sebastopol Range, Mt. Cook, Canterbury, 1,300 ni. 1/28. 
Celmisia Lyallii x Icmgifolia. 

Sebastopol Range, ( Janterlmi’y, 1,500 m. 1/28. GJI.C. 
Celmisia Lyallii x specidbilis, 

Mt. Torlesse, Canterbury, 1,200 m. 1/28. G.H,C, 

Celmisia Traversii Hook. f. 

Mt. Arthur, Nelson, 1,300 m., 1,930 m. 2/28. G.H,C. 

Mt. Trovatore, Westland, 1,200 in. 2/28. G.H.C. 

Celmisia yramini folia Hook. f. 

Mt. Trovatore, Westland, 1,700 ni. 2/28. G.H,C. 

Puainia pulvervlenia Grev. {Ibid., vol. 54, p. 665, 1923). 
Epilobium Cockaynianum Petrie. 

^It. Holdsworth, Wellington, 1,250 in. 1/08. I). Petrie! 
Epilobium juncium Spreng. 

Hermitage, Mt. Cook, Canterbury, 700 m. 1/28. //. //. Allanf 
Puccinia Plagianthi Me Alp. {Ibid., vol. 54, p. 660, 1923). 
Hoheria Lyallii Hook. f. 

Mt. Hutl, Canterbury, 1,000 m. 1/28. G.H.C. 

Broken River, Canterbur\', 700 m. 1/28. H. II. Allan! 
Hoheria glahrata Sprag. ot Sumin. 

Arthurs Pass, Canterbury, 900 m. 1/28. G.II.C. 

Hoheria angustifolia Raoul. 

Banks Peninsula, Canterbury, 150 in. 1/28. H. H. Alhm! 
Puicinia inornata G. H. Cunn. {Ibid., vol. 54, p. 657, 1923). 
Vardiimine hilobata Kirk. 

Castle Hill, Canterbury, 600 m. 1/28. G.H.C. 

Aecidium Plantagims-variac McAlp. {Ibid., vol. 55, p. 36, 1924). 
Phmtago Brownii Rapin. 

Sebastopol Range, Mt. Cook, Canterbury, 1,300 m. 1/28. 
G.II.C. 

Aecidium Celmisiae-discoloris G. H. Cunn. {Ibid., vol. 55, p. 37. 
1924). 

Celmisia incana Hook. f. 

Mt. Percival, Canterbury, 1,800 in. 1/28. //. H. Allan! 
Celmisia incana x discolor. 

Mt. Rangitaipo, WovStland, 1,000-1,200 in. 2 28. G.II.C, 
Cehnisia novae-zelandiae (Biieh.) Cheesem. 

Cook Range, Canterbury, 700 m. 1/28. G.H.C. 

Sebastopol Range, Canterbury, 1,300-1,700 m. 1/28. H. H. 
Allan! 

Kirkliston Range, Otago, 1,200 m. 1/28. G.H.C, 

Celmisia Walkeri Kirk. 

Mt. Rangitaipo, Westland, 1,200 m. 2/28. G.H.C. 

Alces’ Knob, Franz Josef Glacier, Westland, 1,300 m. 1 /28. 
G.H.C, 
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Cchnisiu viscosa Hook. f. 

Otira River, Westland, 1,350 m. 1/93. D. Petrie! 

Aecidium Celmisiae-Petrin i\. H. C^unn. (Ibid., vol. 55, p. 38, 
1924). 

Celmisia Haastii Hook. f. 

Mt. Ranj?itaipo, Westland, 1,200. 2/28. IL H. Allan! 


^Alterations and Corrections. 

Aecidnwi Macrodontae G. H. Ciiiin. {Ibid., vol. 55, p. 38, 1924). 

This form species has now been connected with its teleutosporic 
stage, and becomes in consequence a synonymn of Puccima Atkinsorm 
G. H. Cunn. 

JJredo soutlila'}idiciis G. H. Cunn. {Ibid., vol. 55, p. 44, 1924). 

This is a synonym of TJredo Brownii Syd. {Annales Mycologici, 
vol. 5, p. 338, 1907). Sydows’ name was overlooked when my 
former papers were prepared; but as their name has priority it 
must supersede that given. 

Aicidmm Celmisiae-petiolatae G. H. Cunn. (Ibid., vol. 55, p. 37, 
1924). 

This has now been found to be the aecidial stage of Puccinia 
Celmisiae G. II. Cunn. 

TJredo konini nov. nom. 

Coliosporiuyn Fuchsiae Cke., Grev., vol. 14, p. 129, 1886. 

In a former paper I followed Cooke in placing this species in 
Goleosponum; but recent critical examination of numerous collec- 
tions has shown that it is not a Coleosporium, but an TJredo -, for the 
uredo-spores are not in chains but are borne singly on distinct 
pedicels; and no other spore stage is known. The species cannot 
be named Undo Fuchsiae, for this combination is already occupied, 
being used by Arthur and Hoi way (Arthur, Am. Jour. Bot., vol. 5, 
p. 538, 1918) for a s|)ecies on Fuchsia splendens Zucc. from Guate- 
mala. As the sole record of the family Coleosporiaceae occurring 
in Australasia was based on the assumption that this was a species 
of CoUosporium, it is now necessary to delete this family from the 
list of those occurring in this botanical region. 

Examination of the abundant material listed below, has shown 
that in addition to the correction noted above, the species is peculiar 
in that two distinct spore types are i)re8ent; therefore it is con- 
sidered necessary to replace the description given {T.N.Z.I., \ol. 55, 
p. 25, 1924) by the following emended one: 

Uredosori amphigenous, often seated on small angular yellow 
spots, orbicular, 0.5-1 mm. diam., orange-yellow, pulverulent, 
surrounded by the ruptured epidermis. Spores of two types: (i) 
spores obovate or obovate-elliptical, 30-40 x 22-28 mmm. ; epispore 
hyaline, 1.5-2 mmm., thickened apically to 5 mmm., coarsely and 
sparsely echhiul ate, spines more prominent apicaUy; (ii) spores 18-24 
X 12-18 mmm. ; epispore 1 mmm. thick, except at the apex where 
thickened to 3 mmm. ; germ pores inevident. 
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Hosts: Fuchsia excorticata Linn. f. 

Type (i) : York Bay, Wellington, 100 m. 4/26. G.H,C. 

Hutt Valley, Wellington, 9/81. T. Kirk! Co-type. 

Peel Forest, Canterbury, 500 m. 1/28. IT. H. Allan! 

Franz Josef Glacier, Westland, 250 m. 1/28. GJI.C. 

Type (ii) : Weraroa, Wellington, 30 ni. 7/19. G.H.C. 

York Bay, Wellington, 50 m. 10/20. E. H, Atkin- 
son! 

Seatoun, Wellington, coast. 3/22. G.II.C. 

Hamilton, Auckland, 100 m. 5/22. G.H.C. 

Fuchsia perscandens Ckn. et Allan. 

Type (ii) : Seal Rock, Brighton, Westland, coast. 2/28. H. H. 
Allan! 

Feilding, 50 m. 8/28. IT. H. Allan! 

Both these spore types are similar in sorus characters, markings 
of the episp()r(‘, and sha])e; differing only in size of the spores and 
corresponding thickness of Ihe epis])orc and size of the markings. Jt 
might be supposed that two species wen* iinolvcHl, but tlie finding 
of l)()1h t>pcK of si>ore in IIk* same sorus lias shown them to be but 
forms of the same species. 


USTILAGINALES. 

(1) TUletia Anthoxanthi Blylt. GRAIVIINEAE. 

Forh. Vid.-Sdsk. Christ J896, p 31, 1896. 

Sori in ovaries, completely enclosed within the glumes, ovate, 
up to 3 mm. long, becoming pulverulent. Spores subglobose or 
globose, 22-30 inmm. diam. ; epispore covered with a network of raised 
reticulations 3 nimin. high, surrounding polygonal depressions 3-5 
inmm. wide, chestnut-brown. 

Host: Anthoxanthum odoratiim L 

Waimakariri Gorge Bridge, Canterbury, 400 ni. 1/27. G.H.C. 
Bennetts, Canterbury, 250 m. 1 /27. G.H.C. 

Distribution: Europe; North America: New Zealand, 


(2) Ointractia Schoenus n. sp. CYPERACEAE. 

Sori in occasional ovaries, sometimes in all, at fii*st enclosed 
within the glumes, becoming naked when black, firm and compact, 
subglobose, to 2 mm. diam. Spores subglobose, shortly elliptical 
or often angular, 18-24 x 14-18 mmm. ; epispore smooth, dark fuscus- 
hr(wn, almost black, 3 mmm. thick. 

Host: Schoeniui pauciflorus Hook. f. 

Cook Range, Canterbury, 700 m. 1/28. G.H.C. Tyi)e. 

This species was abundant on this host in the locality recorded ; 
but was not noted elsewhere despite the fact that hundreds of plants 
were examined. 
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(3) Tuburcinia novae-zelandiae n. sp RANITNCULACEAE. 

Sori amphigonous and canlicolons, up to 25 mm. diam., black, 
pulverulent, distorting and etiolating the host. Spore balls to 60 
minm. in length, but very variable in size and shape, ranging from 
as few as two spores surrounded by 7-8 sterih* (*ells, to balls with 
20-30 spores enclosed within a complete envelope of sterile cells. 
Spores subglobose or elliptical, arranged mostly with their long axes 
longitudinally, 16-22 x 12-16 iiimm. ; epispore chestnut-brown, 1.5-2 
inmm. thick, smooth; sterile cells subglobose, 8-14 mmm. diam., 
epispore pallid brown, smooth, 1.5 mmm. thick. 

Host: Ranunculus ienuicaulis Cheesem. 

Mt. Mantell, Westland, 1,800 m. 2/28. G.H.C. Type. 

The host is an endemic species with a limited distribution in the 
mountain regions of both Islands (Oheesem. 1925, p. 442). 

This smut is characterized in that the spore balls are often large 
and contain imiiuTous spores; differing in this respect from other 
species of the genus recorded on Ranunculus and related genera. 

Additional Host. 

Ustihigo Aveyiae Jens. {T.N.Z.L, vol. 55, p. 405, 1924). 

Avena fatua L. 

Hororata, Canterbury. 1/27. J. (\ Neill! 
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The Validity of certain Allied Species of the Moss 
Campylopus clavatus R.Br. 

By G. 0. K. Sainsbuby. 

IRead before the Hawkes Bay Philosophical Institute, 11th May, lf)28; 
received by Editor, IJ^th May, 12i)8: issued separately, 

2Srd November, lt)28.'\ 

Mr. H. N. Dixon, in his able revision of the New Zealand Mosses, 
has tentatively treated Campylopus appressifoUus Mitt, and C. insiti- 
tins H. F. & W. as distinct from C. clavatus R. Br. {New Zealand 
Institute Bulletin No. 3, Part 3, page 84 ct seq.). The last named 
is the earliest published siK'cies of the three, and all belong to the 
Trichophylli section of the genus, i.e., those species in which some 
of the leaves, and especially the comal ones, end in a hyaline hair- 
point. C, insititius does not appear in 1 looker ^s Handbook^ but C, 
appressifoUus is published then' from Mitten \s manuscript and is 
described as characterized by its leav(‘s appressed in the dry state 
and by its dark-eoloured auricular cells. In the Journal of the Lin- 
nvan Society (Botany, 40, page 441) Mr. Dixon records, however, 
that the type plant of C. clavatus in Sehwaegrichen’s Herbarium is 
marked by large distinct auricles, and he suggests that the practical 
absmice of tliem in SchA\aegrichen’s accompanying sketches has led 
to this species being wrongly treated as one lacking distinct auricles. 
There is no doubt whatever lhat the alar cells of C. clavatus are quite 
as distinct as those of C. appressifoUus, and the descriptions in the 
Handbook are, to this extent, misleading. The taller habit and 
appressf'd sterile shoots are therefore the only differences which, if 
constant, would entitle the latter moss to specific rank, unless two 
other distinguishing marks mentioned by Mr. Dixon, i.e., the nerve, 
wider in C, clavatus, and the hair-point, shorter in that s])ecies, are 
sufficient to separate them {Bulletin No.' 3 supra, page 85). I have 
collected many specimens of both mosses in widely separated regions 
of the North Island, and have received material of them from corres- 
pondents and herbaria, and as the result of an examination of the 
plants I have reached the conclusion that the two species are not 
distinguishable, and that consequently C. appressifoUus is not entitled 
to specific rank. Plants with appressed sterile shoots appear in 
gatherings consisting mainly of the typical clavate form of C. 
clavatus; the appressifoUus character is often associated with quite 
a short habit of growth; and so far as the hair-point is concerned 
I have collected specimens of a pronounced appressifoUus type which 
lack this character entirely. The width of the nerve too is very 
variable, sometimes ranging in a single gathering from two-fifths to 
o\^er one-lialf the width of the leaf-base. I have lately had an oppor- 
tunity of examining several specimens of Campylopus from Cheese- 
man's Herbarium, and the original labelling of the packets indicates 
the difficulties felt in assigning material to these two species. A note 
by Cheeseman records his opinion that species referred to C\ clavatus 
appear to be near C. appressifoUus, and that he would have considered 
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them to belong there but for Carl Mueller’s opinion to the contra:^. 
Another packet is noted as identified by Qeheeb as C. appressifoUvs 
but considered by Mueller as belonging to the other species. The 
fact really is that in all these cases the plants with apprcssed sterile 
shoots would if picked out make a typical herbarium specimen of the 
one species, whilst the residue would make equally good specimens of 
the other, and there cannot I think be any doubt that C. appressifoUus 
is not entitled to anything more than varietal rank at the most. This 
species is not mentioned by Brotherus in the Musci (VoL 10, Engler 
and PrantPs Pflanzenfamilien, 2nd Edition), but I am unable to say 
whether or not the omission is accidental. So far as C. insititius is 
concerned the alleged differences are more important. Certain species 
of the genus are characterized as to the leaves by a supra-alar region 
of narrow thin-walled hyaline cells passing obliquely upwards and 
outwards to the margin. This is a striking feature of C. intro flexus 
(Hedw.) Mitt, and is considered to be a distinguishing mark of C. 
insititius. The alar cells too of the latter species are said to be very 
indistinct. Mr. Dixon deals with these characters in the Journal of 
the Lirmean Society (vide supra, page 440), and records that one 
of the two type specimens of C. clavatus in Brown’s Herbarium 
possesses a distinct area of hyaline differentiation, whereas this char- 
acter is conspicuously lacking in the other, the supra-basal ^»ells of 
which are comparatively short and more or less incrassate. These 
two specimens are labelled as being collected one in New Holland 
and the other in Van Diemen’s Land, and Mr. Dixon assigns the one 
to r. insititius and the other to C. clavatus. Although such a striking 
difference in areolation would apear to separate the plants quite 
definitely, I find in the large quantity of material examined that this 
hyaline differentiation is neady always present, in a greater or less 
degree, in plants of C. clavatus , including also those of the appressi- 
folius type. It is a very variable character, and when present is 
usually more clearly indicated in the young leaves of the upper part 
of the stem. In some plants there is no trace of it at all, and this 
is evidently the case with the type specimen of C. clavatus ; in others 
it may be as strongly defined as in C. introflexus. As regards the 
indistinctness of the alar cells I think that this is correlated to some 
extent with the degree of hyaline differentiation, and there is no 
doubt that defined cells of this kind are often practically lacking in 
plants of the insitilnus type; but he^e again there is a range of 
variation disclosed pointing to the conclusion that C. insititius is only 
an extreme form of a polymorphic species. C. clavatus is a moss of 
very wide distribution throughout at any rate the North Island and 
is extremely common on the ground in open situations, especially on 
clay banks amongst manuka scrub and in road-cuttings. It ranges 
from sea level to subalpine heights, and it is therefore not surprising 
to find amongst its members a high degree of variability due perhaps 
to epharmonic adaptation. I have communicated the results of this 
investigation to Mr. Dixon and he has expressed the opinion that the 
conclusions arrived at are probably correct, but that it might be 
advisable to retain C. appressifoUus as a variety. 


aa 
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Introbuction. 

This paper embodies the results of an investigation of the evidence 
indicating changes in the level of the land on that part of the 
Now Zealand coast extending from the Wairau River to Banks 
Peninsula. Notes on shore-platforms have appeared in the writings 
of many New Zealand geologists but these have generally been 
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quite subfiddiary to other work being done at the time. As an 
inevitable result the published observations of many of the earlier 
writers contain widely divergent estimates of the amount of uplift 
(or subsidence) indicated by coastal features in the same locality, 
and any attempt made at correlation of these is unsatisfactory, and 
comes little nearer to solution of the problems presented or to 
correct interpretation of the evidence of change of position ot‘ the 
shore-line. While the present writer has made the fullest use of 
the published observations of geologists who have previously visited 
this part of the coast, notably that of McKay, Hutton, Haast, Park, 
Cotton, Thomson, and Speight, each section of the coastline described 
has been examined in some detail, and as far as was considered 
necessary for correct interpretation of the features of the present 
shore the geological structure of the adjacent land has also been 
investigated. During the course of this work the many gravel 
deposits encountered in the coastal areas were also examined, but 
in order to avoid undue length of this paper, discussion of these 
will be reserved. 

Work in such an extended field has involved considerable 
expense, which has been largely borne by a grant from the New 
Zealand Institute for which the writer's thanks are gratefully 
recorded. The writer also takes this opportunity of expressing 
his thanks to many friends and college students who have accom- 
panied him on field-expeditions and to others who hav(» placed at 
his disposal facilities for carrying out the field-work. To Messrs. 
G. Gunn, of Seddon, A. Thomson, of Plaxbourne, Montague Wiffen, 
of Kekerangu, and 13. Stocker, of Conway Hills, his thanks in this 
latter respect are more especially due. The writer also gladly avails 
himself of this opportunity of expressing his gratitude to Piufessor 
R. Speight for his kindly interest in the work, and his assistance 
on many occasions during its progress. 


Part 1. — General Df:scBiPTiON of the Coast. 

A. THE WAIRAU PLAIN. 

The low swampy plains extending inland from the mouth of the 

Wairau are in marked contrast to the elevated terraces terminating at 
the coast-line in bold cliffs (up to 350 ft.) in the valley of the 1 ow(t 
A watere. The parallel lower portions of these valleys are separated 
from each other by the immensely thick gravel-beds of the Vernon 
Hills, while to the immediate north of the Wairau Plain lies the 
downthrown area " of the Marlborough Sounds. The origin of the 
Wairau Plain has been discussed by Cotton (1913 A, pp. 316-22) 
who describes the northern boundary as an old shore-line running 
north-eastward from the Tuamarina Valley to the sea — a lino of 
facetted spur-ends which might have boeft produced by (1) recent 
faulting, (2) lateral cutting by the Wairau River, or (3) marine 
erosion. In the south, too, the spurs running out from the main 
ridge of the Vernon Hills to the Plain are aU similarly truncated, 
ending in fresh-looking steep triangular faces. If this resulted from 
recent faulting, the fault-junction between the hills and the plain 
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is now completely masked by more recent fan-deposits of lateral 
streams. The wide sweeping curves of the cliffed spur-ends suggest 
that either the Wairau River once flowed round the base of the 
Vernon Hills to enter the sea near the Big Lagoon or that, which 
seems more likely, a wide arm of the sea occupied the lower valley. 
Conditions then were no doubt similar to those obtaining simul- 
taneously at Lake Grassmere a few miles to the south. Wild (1915, 
p. 414) points out that the Wairau River has apparently carried 
no gravel nearer to the sea than the present railway-bridge several 
miles from the shore-line, and that the material of the boulder-bank 
came as along-shore drift from the south. In all probability the 
formation of gravel-spits enclosing lagoons both at Lake Grassmere 
and Cloudy Bay attended the very recent initiation of a cycle of 
progradation on this part of the Marlborough coast. 

Though Henderson (1924, p. 585) suggests that the site of 
Blenheim has been slightly uplifted, and MoKay states that an 
elevation of 25-30 ft. caused the separation of the neighbouring 
Queen Charlotte and Pelorus Sounds, there is positive evidence that 
the most recent movement of the Wairau Delta area has been one 
of depression (Lyell, 1868, p. 87; Suess, 1906, vol. 2, p. 28; Buick, 
1900, p. 332). The writer has not examined the northern edge of 
the Wairau Plain nor the adjacent Sounds area, but accepts the 
explanation offered by Wild {loc. cit.) and noted by Cotton (1913 A, 
p. 321), that the plain was formed by infilling of an enclosed lagoon 
with deltaic* deposits advancing seawards, and the further raising 
of the surface by successive floods. In this manner the land could 
cpiite well have been built out seawards in spite of an intermittent 
subsidence of the whole area. However, the question as to whether 
the Sounds area has actually been submerged far below its present 
level, and since been partially resurrected by the general uplift so 
])rofoundly affecting the remainder of the coast does not seem to 
have been explored, and this is beyond the scope of the present 
paper. Cotton (1913A, p. 318) has estimated the extent of sub- 
iiiergence of the Sounds area at from 250 ft. to 500 ft., but this 
does not necessarily afford any indication of the amount of sinking 
of the Wairau Plain, which appears to have been determined by 
trough-faulting with infilling of the resulting depression in the 
manner described above. 

The nature of the junction between the plain and the Sounds 
area to the north and the Vernon Hills to the south remains obscure. 
A1 organ (1916, p. 19) remarks on the remnants of a relatively 
modern beach only a few feet above high-water mark, especially 
well developed between Lalce Grassmere and Cape Campbell. In 
January, 1926, the present writer noted these remnants at many 
points around the W'hite Bluffs. As they were observed in January, 
1927, to liave been to a large extent removed by heavy seas during 
the intervening twelve itionths, they may not afford thoroughly 
reliable evidence of recent slight elevation of the land. If, as Morgan 
believed, they indicate a very recent uplift, Iheir immediate 
proximity to the sunken area of the Wairau Plain suggests that 
the limit of the sinking block is very sharply defined indeed by the 
northern base of the Vernon Range. 
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B. THE VERNON RANGE TO LAKE GRAS^MERE. 

1. The Vernon Range: Prom the nortliern base of this range 
to the point where the Limestone Range reaches the sea aboiit a 
mile to the east of Lake Grassmere, the coastal area to be described 
in this section consists entirely of younger Tertiary rocks. These 
are the stratified gravels of the Vernon Hills and the friable sandy 
mudstones or marls (the Awatere beds of McKa> ) which extend 
for some miles up the Awatere Valley, occupy nearly all the basin 
of the Blind River, completely encircle Lake Grassmere, and extend 
across the middle valley of the Plaxbourne River almost to the basin 
of the lire. 

Prom Taylor Pass to the sea the Vernon Hills are composed 
wholly of gravels which can also be traced for* many miles farther 
up the southern side of the Wairau Valley. The hills form a moi*e 
or less flat-topped dissected ridge rising gently inland fi'om a height 
of nearly 900 ft. at the White Bluffs where they are truncated by 
the sea in magnificent cliffs. Some 2| miles in width, they rise 
abruptly in sub-maturely graded cliffs from the lower valleys of 
the Wairau and Awatere rivers between which tlu‘y form an effective 
barrier. Although dissection has produced a system of lower rounded 
spurs running out from the main ridge, the summit of the hills 
presents a remarkably even sky-line (Cotton, 1914A, Pig. 3, p. 288), 
and it seems very prol)able that parallel faulting determining the 
direction of the major valleys on either side has been to some extent 
responsible for their isolation in their present position. 

The extent of the component gi'avels is so prodigious as to have 
caused some speculation as to their mode of origin. Park (1911, 
p. 522) describes them briefly as great pile of fluviatile drifts 
over 1,200 ft. thick,’' with a basal layer of glacial debris. He 
states further, In places they rest on the older Pliocene clays 
of the Awatere series, and again, That they are Pleistocene 
seems almost certain.” McKay, too (1886, p. 123; 1890 A, p. 168), 
considers them to be of a younger age than his Great Post Miocene 
Conglomerate.” The writer examined sections in the Redwood Pass, 
in railway-cuttings in the Dashwood Pass, in some of the valleys 
between the Redwood Pass road and the sea, as well as in the high 
cliffs at White Bluffs. This latter coast-section shows the gravels 
to vary considerably in nature from brown loosely-cemented conglo- 
merates where the shore-line has retreated somewhat from the base 
of the cliffs in the north, to fresh-looking grey sandy shingle in the 
rapidly-receding cliffs a little farther south. About half way round 
the bluff, the grey sandy, well-stratified type passes up into highly 
ferruginous brown beds, the change from one type to the other being 
in places very gradual. Here the cliffs are marked by lines of fault 
generally of small displacement. No beds other than these stratified 
gravels with a uniformly low south-easterly dip are seen in the cliffs 
until the northern border of the Awatere Valley is reached. Here 
the cliffs are lower and graded somewhat and the section is obscured, 
but there is a very abrupt change to the characteristic sandy marls 
(Awatere beds) in a zone of considerable disturbance due to faulting. 

Examination of remarkable sections exposed in narrow defiles 
debouching at the shore near the Wairau Plain, shows considerable 
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variety in texture of the gravels from well-stratified sandy beds 
to coarse banded conglomerates with large rounded and sub-angular 
boulders and interstratified lenses of sandy mudstone. These defiles, 
with vertical or overhanging walls are often of great depth and arc 
extremely narrow, indicating tKeir rapid erosion consequent on 
recent uplift. The sub-angular nature of the gravels and the medium 
to fine texture of the greater part of them, though boulders up to 
2 ft. in diameter are by no means uncommon, suggest that they are 
fluviatile or fluvio-marine deposits transported with considerable 
velocity. There is, however, no evidence except, perhaps, the 
immense size of the deposits to indicate the fluvio-glacial origin 
suggested by Park {loc, cit,, p. 522). 

That the Vernon Range has recently been uplifted some 1,000 
ft. to 1,200 ft. cannot be doubted, but marine erosion has caused 
such rapid recession of the cliffs as to remove almost completely any 
traces of pauses in the process of emergence. The only remnants 
of terraces wliieli may reasonably be assumed to be of marine origin 
are found in the extreme north-eastern area. These stand at 300 
to 350 ft. and at 525 ft. However, a better record of stages in 
the recent elevation is preserved in the immediately adjacent valley 
of the Awatere River. 

2. The Lower Awaicrc Valley : For the purpose of the present 
paper this area has been adequately discussed by Cotton (1914, pp. 
288-89). River-terraces are remarkably well developed, nearly hori- 
zontal caps of alluvial gravel being deposited unconformably on the 
planed edges of the Awatere marls which comprise the basement- 
rock of the whole coastal area. Everywhere the terraces end abruptly 
at the shore-line in bold cliffs, which, in the neighbourhood of the 
Blind River, attain a height of 350 ft., although the surface-cover 
of recent gravels is discontinuous here. The amount of elevation 
observed by Cotton agrees very well with the evidence obtained 
from other parts of this coast, and uplift with pauses at 120 ft., 
350 ft., 550 ft.(?), and 800 ft., inferred by him from the present 
position of river-terrace remnants may be correlated closely with 
remnants of shore-platforms in neighbouring localities. Here the 
coast has suffered severe retrogression leaving a somewhat prominent 
salient where the Awatere River now enters the sea. 

3. Lake Grassmere : Cut off from the sea by a spit of fine sandy 
gravel I’eaching a height of 15 ft. and made up of two distinct 
barrier beaches, this is now a circular sheet of water nowhere more 
than 2 to 3 ft. in depth and sometimes quite dry. Cliffs of mudstone, 
fresh looking and steep on the southerly side and graded and grass- 
covered in the north extend right round the margin of the lake- 
basin. The obviously recent marine origin of these cliffs and the 
rapid rate at which the lake has been known to have silted up since 
the advent of agriculture, suggest that the sea has abandoned a wide 
bay very late in Quaternary time. When the land was 120 ft. lower 
than now, the sea extended to the middle valley of the Flaxbourne 
River near Ward, and a little earlier with the general level depressed 
some 350 ft., it no doubt reached almost to the Ure. A long narrow 
depression lying behind the sharply faulted block of the coastal 
Limestone Range and widening considerably at the site of the present 
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lake, was then occupied by the sea, and the formation of the spit 
accompanying very recent general progradation of the coast, with 
subsequent rapid infilling of the remnant, merely represents the 
final stage in the natural reclamation of a very considerable area. 
Cotton (1914, p. 293, footnote) has observed evidence of strong 
tilting or warping of the surface to the south-east of Lake Grass- 
mere, and he suggests that it is probably in sympathy with or forms 
one boundary of a kind of cauldron-like subsidence forming a bay 
from which the present lake developed. It is apparent, however, 
that both Lake Grassmere and Lake Elterwater are remnants of the 
same arm of the sea, and the tilting or warping noted by Cotton may 
perhaps be attributed to movement connected with the Limestone 
Range fault-zone, more or less contemporaneously with the general 
elevation which rejuvenated the streams concerned. 

Lake Grassmere to the Needles Point i The topography of this 
area is dominated by a narrow, sometimes razor-backed ridge of lime- 
stone extending from a point about a mile to the east of Lake Grass- 
mere to the mouth of the Flaxbourne River. Near Lake Grassmere 
the rocks that form it strike N. 60° E. dipping S.-easterly at an angle 
increasing from 50° to 75° in an extensive wave-levelled reef. Here 
the limestone is thinly banded with interleaved layers of greensand, 
and is much disturbed by the great fault which has determined its 
landward margin, and which has so completely crushed the stone 
at Flaxbourne (Morgan, 1916A, p. 19; 1916B, p. 16; 1919, p. 199). 
It appears on the coast again at the Chancet Rocks where it shows 
extraordinary disturbance of dip and strike, passes across the lower 
Flaxbourne Valley to Weld Cone, the Needles Point, and a reef 
•opposite the mouth of Mirza Creek where, steeply tilted seawards, 
it has regained its normal strike almost parallel to the coast. It is 
probably the same band of limestone which appears again at 
intervals at the shore-line, notably at Willawa Point and Deadmans 
Creek, at both of which places it dips steeply to the north-west. 
From Lake Grassmere to the Chancet Rocks the general dip of the 
beds is south-easterly. Then follows a zone of acute distortion and 
faulting extending from the Chancet Rocks to the neighbourhood 
of the Ure River, to the south of which the dip changes abruptly 
to the north-west. This general direction of dip is preserved through- 
out an area somewhat dislocated by faulting, until the south bank 
of the lower Clarence Valley is reached where the beds are folded 
into a syncline sharply bounded inland by a fault. 

This section of the paper, however, is concerned only with a 
description of the area on the seaward side of the Limestone Range 
referred to above. In McKay’s description of the locality (1877, 
map and sections, p. 188), he refers to the enormous thickness of 
grey marls (8,000 ft.) developed here. Morgan (1916A, p. 18) 
doubted the accuracy of this estimate, suggesting that the existence 
of a fault in the section might necessitate its revision. The writer 
examined the coast-line section from the limestone reef near Lake 
Grassmere to the lighthouse at Cape Campbell — i.e,, McKay’s section 
(AA map, p. 188) at right angles to the general strike of the beds. 
It is very difiScult to observe the direction of dip of such marls as 
are exposed in the cliffs. Near the limestone reef they stand almost 
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vertically and show sharp contortion over some distance, but near 
Fisherman Creek the dip has flattened somewhat, becoming flatter 
still near Mt. Tako. Just past this point hard bands exposed in 
the shore-platform at low tide indicate a reversal of dip to the 
north-west, though stratification is not shown in the cliffs. At the 
cape the dip is seen to be south-easterly again at about 40°. Whether 
the reversal of dip is due to the faulting suggested by Morgan or 
to simple folding is not clear but in any case McKay 's estimate 
of 8,000 ft. probably very much exceeds the actual thickness of the 
beds. The marls are, however, developed over a wide area and also 
form extensive reefs off shore for several miles down the coast. 

Rock Platforms: In the neighbourhood of Cape Campbell large 
areas of well-planed surfaces cut in the soft grey marl are exposed 
at low tide both on the east and west sides of the promontory, while 
a reef extends off-shore from the cape itself for nearly half a mile. 
On the east side, where the strike of the beds is parallel to the 
shoreline, flat wave-cut surfaces can be traced along the coast for 
several miles, while harder fragments of reefs project above the sea 
upwards of a mile from the shore. On the west side, i.e., between 
Cape Campbell and Fisherman Creek, the marl cliffs are receding 
rapidly. The marl is generally unifoimily soft throughout, giving 
a very even surface to the cut platforms, but some two miles south 
of the cape occasional hard bands stand out like walls 6 to 8 ft. 
above the general level. The inner edge of the platform at the 
cape is loaded with drift-material piled up in two distinct terraces 
rising about 11 ft. above high-water mark, but this, may not neces- 
sarily be due to rec(‘nt uplift when the neighbouring cliffs near ]\[t. 
Tako are being attacked so vigorously by the sea. With excessive 
alongshore drift of waste, the large protruding reef at (Jape Camp- 
bell would act as a breakwater, causing the loading of the platform. 
The very great seaward extension of the cut platform exposed at 
low tide suggests, too, that its inner edge is actually not above high- 
water mark. 

liaised Shore Platforms: A general view of this area Irom any 
point on the summit ot* tlie Limestone Range suggests some former 
uniformity of surface-level in a land now sub-maturely dissected by 
streams, notably Fisherman Creek following a north-easterly course 
along the base of the Range, and othei*s such as the Boo Boo Stream 
and Canterbury Gully following a course to the south-east. The only 
notably high land is Mt. Tako (642 ft.), a flat topped mass in the 
extreme north-east. Similar flat surfaces up to 471 ft. occur just 
north of the Boo Boo Stream, but by far the greater part of the 
area is not higher than 350 ft. The only definite remnants of recent 
marine deposits found by the writer occiu’ at Long Point, where the 
steeply-tilted marl beds are capped unconformably by thick lieds of 
marine pebbly gravels and sands up to a height of 160 ft. TheKS(» 
are probably the deposits referred to by Morgan (1916 A, p. 19), 
though McKay (1886, p. 125) says, “They (high-level gravels) are 
absent along the whole coast line from Cape Campbell to Kekerangu.’' 

Both Morgan (1916 A, p. 19) and Cotton (1914 A, p. 286) refer 
to a remnant of a shore-platform at Cape C)ampbell, the former 
stating, “ The projection forming Cape Campbell is flat-topped, and 
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is clearly a fragment of a sea-worn terrace formed when the land 
was roughly 200 ft. below its present level.'' While the general 
level of the much dissected land immediately behind the projection 
of the cape itself is fairly uniform at 330 ft. to 350 ft. the projecting 
portion is simply a razor-backed ridge, a remnant which has survived 
the attack of the sea on both sides only l)y the recent accumulation 
of protective drift-material at its base. It is by no means certain or 
likely that it represents a fragment of a wave-cut platform at 200 ft. 
Much more convincing evidence of an elevation of 150 ft. or so is 
afforded by the rejuvenation of stream-valleys and deposits of gravel 
on the summit of marine cliffs in the immediate neighbourhood of 
Lake Grassmere. Here, too, are flat-topped spurs rising to 250 ft. 
near the point where the Limestone Range is truncated by the sea. 
These may possibly indicate a period of standstill at that level. 

The writer took advantage of an o])portunity to examine the 
country in the neighbourhood of Mr. A. Thomson's “ Chancel ” 
homestead. Here the Limestone Range attains its maximum height 
of some 1,100 ft., while on its steep seaward face is a very pronounced 
and continuous lodge at 800 ft. Whether this may be regarded as 
a remnant of a cut platform is by no means certain, but its Inught 
can be correlated with undoubted evidence from the Awatere Valley 
recorded by Cotton. 

Residuals of Rock Platforms at Flaxhovrnc : Cotton infiTs uplift 
of some 6 ft. from flat topped remnants of a dissected shore-platfoiau 
in this locality (1914A, p. 293). These seem to be restricted to a 
small part of the shore-line between the Needles Point and the 
Chancet Rocks, at both of which points slight ek'vation may also be 
inferred from the isolation of rock-stacks. Immediately to the north 
of the Chancet reef the strand-plain is built of blocks of broken 
limestone and crushed debris from the steeply-tilted faulted ridge, 
while the limestone in th(‘ reef stands in an almost vertical attitude 
and strikes N.N.W.-S.S.E. running out to sea in a line of stacks 
showing most remarkable contortion of the comi)onent rock. Then 
just below the mouth of the Flaxboume River the limestone strikes 
N. 26° E., almost parallel to the coast, and dips easterly at 70°. 
Between Weld Cone and the Needles Point all the rocks are invohed 
in a zone of faulting, and show excessive contortion, and shattering 
with complete re^ersal of dip and strike within a radius of a few 
yards. This remarkable disturbance occurs within a limited area 
to which the residuals noted by Cotton are restricted. TluTcfoiv 
while elevation of 6 ft. to 8 ft. or perhaps a little more has without 
doubt occurred here quite recently, the present wTiter W'ould lu‘sitate 
to say that it is Jiecessarily a general feature of adjacent parts of 
the coast, notwithstanding the fact that a narrow rapidly-prograding 
strand-plain seems almost continuous for a considerable distance. 

D. THE NEEDLES POINT TO WAIPAPA I’OINT. 

Prom the Needles Point to the Cre River the recent strand- 
plain shows a rapid increase in width, but there is no good record 
preserved of pauses in the process of emergence. Here are extensive 
dunes of wind-blown sand, passing southward into large fans of 
loose shingle deposited by the Ure and the streams to the south of 
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it. The fan of the Woodside Creek rises from sea level to 50 it. 
at the Main North Road, in a distanec somewhat less than a mile, 
and the stream-bed is filled with boulders of large size. Tliese 
alluvial fans play an important part in the prograding process from 
this point to the Clarence — i.e., in that part of the iVlarll)orougli 
coast where the recent strand-plain reaches its maximum develo])ment. 
Single Hill (503 ft.) indicates the average height of the (*oastal 
country, while just below the Woodside Creek bridge there is a \'ei*y 
flat ledge at approximately the same heiglit cut in limestoiu*, but 
cai)pcd only with loose sharply-angular chips of limestone showing 
no sign of marine origin. 

River-terraces in the lower Kekerangu area have been described 
by Cotton (1914A, p. 290; 1918, p. 146), his estimate ol‘ a recent 
elevation of 120 ft. being a conservative one. A general examination 
oi‘ the country indicates that this represents a more recent stage 
in an elevation amounting to at least 500 ft., which corresponds very 
closely to that so clearly indicated by terraces in the lower Clarence 
\"alley a little to the south. 

The component rocks in the lower Kekerangu area are marls 
traversed by faults along tlie line ol‘ which at least two of the three 
parallel bands of ^‘The Great Marlboiuugh Conglomerate” are 
involved. The greatest of these faults is that which is clearly seen 
in the limestone i»i the lower Benmore Stream near its junction 
with the Kekerangu, and which crosses Heaver Creek wher(‘ the 
middle line of conglomerate is involved (McKay, 1890 A, p. 173). 
Evidence of quite recent displacement may be seen at the surfac'e 
here. Where least disturbed the rocks in this area stand almost 
vertically or dip north-westerly at fairly high angles. Cirey sandy 
marls are the predominant rocks, and these have offered little resist- 
ance to erosion; the surface is therefore of a broadly undulating, 
sub-maturcly dissected typo. Near the Napoleon Station Homestead,, 
however, there arc two, perhaps three, intrusive sills of basalt, 
defining the tops of the ridges behind the house. McKay (1886, p. 
87) refers to these as interbedded sheets, but the induration of the 
under-surface of the overlying beds suggests their intrusive nature. 
These ridges of harder rock are nowhere much in excess of 500 ft. 
in height, and ^his may reasonably bo supposed to re})resent the 
height of a formerly regular surface. There is a noticeable regular 
increase in height to the north-east near Shaw Fall or the ‘‘White 
Slip,’^ where, owing to the steep angle of inclination of the beds 
and their broken nature, they slip seawards in great masses to l>e 
cliffed by the sea at a point where the usual narrow strand-plain 
disappears from the coast. Reference has been made by various 
writers to this part of the coast, more especially in connection with 
discussion of the Great Marlborough Conglomerate, but this is beyond 
the scope of the present paper. It is these gravel-beds which form 
the steep homoelinal ridge of Deadman Hill and the reefs lu^ar the 
mouth of the Kekerangu River. They appear to overlie tlu' marly 
beds which extend through the coastal cliffs from here to the neigh- 
bourhood of the north bank of the lower Clarence Valley. 

The only deposits of importance to the present discussion are the 
thick beds of recent gravels and sands lying unconformably on the 
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planed edges of the marls in the vicinity of the Ngaio Downs Station. 
It is in the southern portion of this locality particularly that the 
recent gravel-cap is remarkable for its great thickness, and for a 
^slight landward tilt suggestive of warping. Near Pi^on Hill the 
following sequence is seen in the upper beds (in ascending order) : — 

a. Basal gravels, loose well-rounded pebbles of moderate size. 

b. Pine sands, well stratified with abundant interstratified 
bands of pebbles. 

c. Coarse rounded boulders in a matrix of fine sand. These 
beds together have a thickness of nearly 100 ft., and are 
capped by, 

d. Fine sandy clay. 20-30 ft. 

These beds are separated from the high-level terrace gravels 
of the lower Clarence Valley by a high undulating ridge in which 
Pigeon Hill (966 ft.) is prominent, and from their position they 
are most probably of marine origin. There appear to be two sets 
of terraces, one at 300-350 ft., the other at 500-550 ft., but they 
are of a very fragmentary nature. Between Pigeon Hill and Otu- 
Kaku Point the marls of the cliffs give place to the thick gravel-beds 
of the so-called Clarence Delta, to appear again in the end of the 
razor-backed ridge opposite the wrecks of the Taiaroa” and the 
^‘Wakatu.’’ 

The high level terraces of the lower Clarence-. The structure of 
the so-called Clarence Delta was examined in some detail, but correct 
interpretation of the facts observed is hampered by the writer's 
lack of knowledge of the geology of the country between Corner Hill 
and the Kckerangu Valley across the upper Ericaburn. 

a. North Bank: A section through the northern part of the 
Delta’' from Otu-Kaku Point to Comer Hill, a distance of three 
miles, shows the following in ascending order: — 

1. Marls, grey, stiff, very argillaceous. Exposed on the extreme 
seaward end of the Delta" for a few chains. Strike N. 27® E. 
Dip north-westerly, 33°. 

2. Gravels. The Jov^est beds exposed arc fairly fine gravels with 
interstratified bands of soft friable sandstone. The contact between 
the gravels and the underlying marls cannot be seen, but as far as 
can be judged from dip and strike they overlie the marls conform- 
ably. The dip of the gravel-beds which are nowhere seen to be 
very coarse in texture, but which may be cemented to form a hard 
conglomerate, continues north-westerly for over 2^ miles. No satis- 
factory exposures are to be obtained near the Woodbank Homestead, 
but the writer found no indication whatever of reversal of dip 
throughout the section. 

3. Dark reddish sandstone reduced to a fine sand at a zone of 
crushing at Comer Hill. A small wedge-shaped mass of this sand- 
stone is involved in a powerful reversed fault, which has also caused 
considerable crushing of the immediately-adjacent gravel-beds. 

4. Reversed fault, running N. and S. (mag.). The plane 
inclines to the west at 50°. 

5. Amuri limestone, forms a steep bluff against the base of 
which the main stream of the Clarence River impinges. The lime- 
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stone stands in an almost vertical position, but is much contorted^ 
and the surface involved in the fault is perfectly slickcnsided. 

This section was not seen by McKay, but he notes that Hector 
examined a section on the east bank of the Clarence ip December, 
1873, and described the conglomerates as being folded in anticlines 
and synclines on the north-west side of the Amuri limestone (McKay, 
1890 A, p. 173). As remarked above, exposures are not good in the 
high terrace bank in the vicinity of Woodbank, but wherever seen 
the beds dip persistently to the north-west. The present writer did 
not investigate the structure in the area to the north-west of Corner 
Hill examined by Hector, and it is not proposed to discuss in this 
paper the stratigraphical position of the gravel-beds, but it may 
be remarked that the chief difficulties in the interpretation of the 
section lie in determination of the age of the grey marls exposed 
at Otu-Kaku Point, and in explanation of the occurrence of the 
brecciated older rocks at the (^orner Hill fault- junction. 

Unfortunately the only description of this part of the coast is 
to be found in Cotton’s purely physiographical writings (1914A, 
pp. 286-294; 1916A, pp. 20-47; 1922, pp. 204-208). He attributes 
the mode of deposition of the gravels to foresetting as shown in 
typical delta-structure, but oil the north bank the gravel beds dip 
persistently landwards. The only point where tlu^ nature or struetui’c 
of the compoiKuit gravels has been described at all is in the south 
bank of the river near the Clarence Bridge — i.e., “ The foreset 
])ortion of the delta, which, however does not show stratification/’ 
(1914 A, p. 292). At this point, however, the apparently unstratified 
gravels form the core of the syncline into which all the beds on the 
south bank are folded. The upturned edges of the beds in this 
SA ncline were then planed off and the thick beds of a recent surface- 
ca]) deposited on them. If the gravels were ever deposited as a delta, 
it was at a very much earlier date than that suggested by Cotton’s 
description, and they do not now exhibit in the slightest degree the 
structure typical of the foreset beds of a delta. 

b. The South Bank: The contact between the conglomerate beds 
and the limestone forming the steep ridges behind them could not 
b(* seen at any point near the road past the Waipapa Homestead, 
nor is it exposed in the valley of the Porangahau Stream a little 
to the south. There can be little doubt, however, that the great 
reversed fault described above crosses the Clarence River to reach 
the sea at Waipapa Point where the excessive disturbance of the 
strata has been described by McKay (1886, p. 84). Wliere first 
seen on the Waipapa road near the limestone, the gravels are exposed 
in steep cliffs by the roadside. Here they are not ver^’^ distinctly 
stratifi^, but appear to stand almost vertically. Traced downstream 
towards the bridge, they are seen to dip easterly at a steep angle, 
flattening noticeably as the Waipapa Homestead is passed. 

In a bare sandy ridge where the Main North Road crosses 
Garret Stream (the first south of the Clarence), the older gravels 
are seen to dip inland (north-westerly) at 40®, the strike being 
N. 26® E. Here the younger surface beds lying across the upturned 
edges of the conglomerates, consist of remarkably uniform material, 
being on the whole fine-grained with coarser and finer bands altcrnat- 
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ing with great regularity. The whole series is well oxidized to a 
deep brown and eapi)ed with about 20 ft. of loess-like clay. The 
sandstone involved in the Corner Hill fault and exposed on the 
hillside just above it could not be found in position on the southern 
side of the river, but an elevated flat surface at 350 ft. above Edge- 
combe, is covered with huge angular blocks of a similar rock indicat- 
ing its close proxmity to this point. 

As far as can be seen, therefore, the southern portion of the 
''delta'’ consists of gravel-beds, generally well cemented to form a 
hard conglomerate, and is separated from the inland limestone ridge 
by a fault. The existence of sandstone near the fault can be reason- 
ably inferred, but there is no indication of marl-beds corresponding 
to those exposed at Otu-Kaku Point, these having been removed by 
marine erosion, and the platform cut in them being no doubt buried 
})eneath the accumulated shingle and blown sand which forms a 
low dun(*-covered strand-plain upwards of a mile in width. To the 
south of the river all the beds are involved in the syncline, and 
Hector’s record {loc» cit.) of similar folding of the gravels to the 
north-west of Corner Hill, indicates that the extent of the gravel 
d(‘posits is enormously greater than that indicated in Cotton's map 
(1914A, p. 290; 1916 A, p, 36; 1922, p. 206). 

c. Evidence of JJplifi: McKay seemed to be somewhat uncertain 
as to the distribution of the gravels of the lower Clarence Valley, 
but he vStated definitely his opinion that the first low terrace north- 
east of the valley is a raised beach (1886, p. 126; 1890A, j). 182). 
(Won inferred elevation amounting to 500 ft. (19J4A, p. 291; 
1916A, p. 39). Prom the (widence of valleys dissecting his ancient 
uplifted delta, he also inferred a ]iauvse in the uplift process at about 
300 ft. (1914, p. 292). Reasons will be advanced later for regarding 
Cotton's claim (1916) tliat the East Marlborough Coast is a "matn?*(» 
resurrected fault coast with a projecting delta built by a large* rivei* 
— the Clarence" as a ])urc hypothesis, but his estimate of the amount 
of recent elevation is a quite conservative one. 

The lower pj'ojection on the north bank of the Clarence ter- 
minating in Otu-Kaku Point— i e., tlie eastern extremity of Cotton ’s 
raised delta — is simply a razor-backed ridge from which the surface- 
(*over of horizontal beds has been remov(*d, and which has .sur\ived 
eomidete destruction l)y the combined attack of the sea on one hand 
and the river on the other, only by the very recent initiation of a 
cycle of progradation following one of ra])id cl iff -recession. In this 
respect it is almost precisely similar to the promontory at Cape 
Campbell. 

At Corner Hill the summit of which stands at 777 ft., capped 
with terrace gravel and angular blocks of limestone (though the 
limestone outcrop is now denuded much below this), the height of 
the jiresent river channel is about 130 ft. So there is evidence 
here of elevation amounting to some 650 ft. The gravel-beds are 
seen to have an enormous development, lying under and around 
Corner Hill, preserved so long only by the now very thin buttress 
of limestone against which the main river impinges, and extending 
out to the coastal cliffs through Pigeon Hill (966 ft.). The river 
once flowed just to the north of Corner Hill, where it has left a 
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terrace deeply dissected now by the Rika, May, and Donkey Streams. 
From this point it can be seen that Pigeon Hill itself has been 
terraced at an accordant level, which can be traced to the surface 
of the flat-tox)ped promontory shown in Cotton’s sketches (1914, p. 
291, etc.). This promontory is a remnant of a high-level river- 
terrace which must formerly have extended far to the seaward, and 
(’otton is mistaken in supposing that its surface slopes away from 
the river (1914, p. 291). 

The combined evidence of river-terraees and remnants of raised 
beaches in the lower Clarenee-Kekerangu area indicates a recent 
elevation amounting to at least 650 ft., with pauses at 500-550 ft., 
350 ft., and 120-150 ft. The writer has no doubt that a similar 
(‘xamination of the area immediately to the north of the lower 
Clarence Valley would reveal evidence of stages at 800-850 ft. and 
probably somewhat yet higher. 

E. WAIPAPA POINT TO ‘MArNOAMArMU BAY. 

It is immediately below Waipapa Point, near the month of the 
Mororimu Stream that the limestone of the lower C’larcnee arc'a 
makes its last appearance on this part of the coast. From the 
adjacent Okiwi l>ay to the point where th(‘ gra\els of the recent 
llapuku fan r('ach the shore, th<‘ coastal rocks aiv entirely sand- 
stones. McKay referred these older ro(*ks to his Bastion Formation 
— i.e., he considei’ed them to be equivalent in age to the Jurassic 
• sandstones of the Aiiniri Bluff section — and his coloured map (1890, 
p. 90) shows a strip of tin* Notoeene beds ext(mding from the lower 
Clarence Yalle\ through the fault-valle\ of the Puhi])uhi to the 
llapuku. Th(‘ mass of oKler rocks thus isolated on the coast rises 
to 3,820 ft. in Patutu Peak, and there is every reason to believe that 
the remarkably regular alternation of rix'ks of tlM‘ older and younger 
seri(‘s is a characteristic structural feature of the coast, at lea.st from 
this point southwards. In this locality, however, the relationshi]) 
of tlie rocks of the ^^uiidermass” to the overl^\iiig Notoeene beds, 
and th(* normal secpicnce of these beds themselves, has beiui highly 
distui’bed by faulting. It seems fairly ci'rtain that erosion has not 
j)ro('eeded much farther than the complete removal of the Notoeene 
eo\(M‘ from the summit and s(‘award face of the older projecting 
mass, which can 1 h' imagined to have been completely sin’roundt'd 
formerly by the younger series. Sandstones are exposed on the 
(‘oastline for some 10 miles, and ragged reefs cut in them iiroject 
offshore for a few chains at many points. The Notoeene beds a])pear 
again in Kaikoura Peninsula and in the Amuri Bluff, in both of 
which places they have been planed by the sea at accordant levels. 
The narrow, recently built strand-plain, characteristic of the (*oast 
to the north of the Clarence, is not developed here, and road cut- 
tings in the steep hillsides arc numerous. 

It cannot be supposed that this area has escaped the effects 
of the general movement of rewmt emergence, but no satisfactory 
record of former beach-levels is preserved in the harder rock. 
Evidence pointing to a very recent slight elevation of small amount 
may be summarized as follows. In Okiwi Bay boulder-bey^chcs 
resembling three parallel tiers of railway-embankment suggest uplift 
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of 15 to 20 ft. On the south side of the bay a platform cut in the 
sandstone and having practically no surface cover, slopes down to 
high-water mark for about two chains. Uplift here might be as 
much as 20 ft. Slightly raised cut platforms occur almost contin- 
uously from this point to the Ohau Stream where there is a flat- 
topped remnant of a platform at 130 ft. Its surface-cover consists 
only of angular blocks and fragments of sandstone, but any water- 
worn material there may have been would not be preserved on this 
ledge. 

Ill Halfmoon Bay there are low projecting spurs behind which 
the roadway has been cut. It may be suggested that these formed 
projections on the surface of a platform similar to the present wave- 
cut shelf on which are irregular low stacks. Here too are wave-worn 
caves, one continuous as a tunnel through the bluff at the south of 
the bay, the other containing a very large well-preserved log of drift- 
wood cast up by the sea in fairly recent time to a point beyond its 
present reach. Making all due allowance for the extent to which 
the floor of the caves may have been raised in various ways since 
the retreat of the sea, they certainly indicate an elevation of 10 ft. 
In making any inference regarding elevation of the land in a locality 
such as this, the observer must make all possible allowance for the 
power of the sea to cast up material into small exposed ba% s. Thei’c- 
ibre, while the e\idence afforded by raised boulder-banks may be 
misleading, that obtaine<1 from raised rock-platforms and water- 
worn caves may with more certainty be accepted as proof that uplift 
has recently taken place here to the extent of at least 10 ft. to 12 it.' 

F, MAUNGAMATOIU BAY TO THE KAHAUTARV RIVER. 

This section of the coast comprises the Kaikoura Plain extend- 
ing from the southeni side of Maungamaumu Bay to the mouth of 
the Kahautara River, and the low flat-topped hills of the Kaikoura 
Peninsula. The geology of the Peninsula has been fairly fully 
traversed by various writers and will not be discussed in detail 
here. The physiography of the area has also been discussed by 
McKay (1886, p. 126; 1890A, p. 182), Morgan (1916, p. 19), Park 
(1911, p. 523), and Cotton (191 6 A, p. 36). Cotton (191 6 A, p. 37) 
describes the Peninsula as an island ‘‘now tied to the mainland by 
the confluent deltas of several streams forming the Kaikoura Plain, 
where locally the shore line has advanced owing to a very abundant 
supply of waste from the Seaward Kaikoura Range,'' while McKay 
{loc. cit.) gives a lucid account of the manner in which this supply 
of waste has been built up into the great fans of the Kowhai and 
Hapuku Rivers, to form the Plain. 

McKay (1890 A, p. 98; 1892, pp. 12-14) describes a great fault- 
zone extending past the eastern base of Mt. Pyfe, through the valley 
of the Puhipuhi into the valley of the lower Clarence, and thenoe 
north-easterly to the mouth of the Flags River. Commenting on 
this, Morgan states (1916A, p. 20) that there are probably two 
parallel faults in the Puhipuhi Valley, and that, “There is certainly 
strong parallel faulting along the coast-line, as shown by the smash- 
ing and crushing of the pre-Quatenary rocks wherever they are 
exposed. Thus the essentially faulted nature of the coast line is 
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clearly demonstrated/* He also draws attention to the fact that the 
rocto of Kaikoura peninsula are highly disturbed by faulting, a 
feature noted by McKay (1887, map, p. 76). 

Cotton, unable otherwise to reconcile the projection of Kaikoura 
Peninsula with his hypothesis of a fault-coast, especially exempts 
this area from the full effects of the great fault, which is supposed 
to accoxmt for the peculiarly straight line of the rest of the East 
Marlborough Coast. He states (1916 A, p. 36) '‘The initial island 
was probably the unsubmerged portion of an unevenly depressed 
seaward blo^.** 

No indication of the nature of the basement-rock below the delta- 
fan gravels of the Kaikoura Plain is afforded by examination of the 
valley of the Kowhai, but it is a reasonable conjecture that near 
the eastern base of Mt. Pyfe are remnants of the Notocene beds as 
are exposed in the valleys of the Puhipuhi, Hapuku, Kahautara, and 
thence continuously into the valley of the Charwell. The low hills 
to the west of the Kaikoura peninsula consist of greywackes, and 
the Notocene beds of the eastern portion, though highly disturbed 
by minor faults, exhibit a fairly simple folded structure. It may be 
supposed that after the close of the late Tertiary period of heavy 
faulting the whole of this area was depressed below sea-level, the 
highest point of the " island** being now only 358 ft. at the Trig, 
station behind the old wharf. On this hypothesis it is not difficult 
to account for the isolation of the " island** by the erosion of the 
less-resistant portion of the Notocene beds, as a wave-levelled plain 
emerged in stages to its present height. The re-uniting of the 
" island** to the mainland belongs to very recent geological time, 
and the whole series of changes since post Tertiary emergence began 
no doubt post-dates any major faulting that has occurred here, or 
at any other part of the north-cast coast of the South Island which 
comes within the scope of this paper. 

The terrabed surface of Kaikoura peninsula has been noted by 
Cotton (1914A, 1916A), Morgan (1916A), and Henderson (1924, p. 
586). Estimates of the heights of these terraces show considerable 
variation. The highest point of the upper terrace is 358 ft. as noted 
above, but as it is only a fragment of what it must formerly have 
been, the actual level of the period of standstill represented may be 
somewhat higher. The other two terraces offer more reliable evidence, 
they being cut in the seaward side of the peninsula at 250 ft. and 
140-160 ft. respectively. Near the racecourse the latter terrace is 
a little lower than this, but its surface is not very regular here, and 
the writer is of opinion that the most nearly accurate estimate of 
the amount of uplift indicated by it is 150 ft. Morgan {loc. cit,, 
p. 20) notes the presence of a fluvio-marinc terrace just north of 
the Hapuku River at 100 ft. This no doubt represents tlu' <'l fT(‘d 
no^th-eastern edge of the Hapuku fan. The writer noted the height 
of these cliffs on the road from Maungamaunlu as 90 ft., but is not 
satisfied that they represent any period of standstill at this ]c\o\. 
The cliffs on the face of a receding delta-fan of this type will show 
almost any variation in height, and no definitely-marim^ deposits 
were observed in any of the cliff sections. 
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The cliffing of the outer edge of the Hapuku fan has provided 
an enormous amount of material for resorting and transport by the 
sea, and this is entirely responsible for the enormous shingle-bank 
in the neighbourhood of Lyell Creek just north of the peninsula 
(Morgan, loc. cit,, p. 20). Prom high-water mark to the inner bank 
above Lyell Creek it is approximately 14 chains in width — i.e., almost 
twice the width noted by Morgan. It rises in a series of four terraces 
to a height of 21 ft. above high-water mark — ^i.e., at the summit 
of the inner terrace on which is the Main North Road. Taking the 
top of the first bank to represent normal high-water mark, the 
second terrace is 8 ft. above this, rising another 5 ft. to the rear of 
the third terrace. Two feet above this, on the face of the fourth or 
main terrace, a line of drift-wood marks the maximum height of storm- 
seas — i.e., 15 ft. above normal high-water mark. The main terrace, 
wide and undulating, rises to 21 ft. above high-water mark, and from 
ils inner edge a steep descent is made to the bank of Lyell Creek, 
the bed of which is here only 2-3 ft. above high-water mark at a 
point about a mile from its entrance to the sea at the northern end 
of the township. Exceptionally heavy seas are sometimes experienced 
here, and much drift-wood has been cast high up on the terraced- 
face of the shingle-bank. The wave-force in this exposed bay must 
be very great, and with an inexhaustible supply of shingle from the 
cliffed fan of the Hapuku, the formation is readily explained. Once 
the first barrier was formed an object against which to cast the 
shingle would be provided, but infilling of the outer bay would cause 
the waves to break farther from the shore, and some of their power 
to cast up shingle would be lost. A decrease in the height of the 
seaward portion would therefore ensue. To infer recent ujilift from 
such a bank is likely to be misleading. 

The drift of shingle round the peninsula from the south is 
interrupted by a reef running out to sea for nearly half a mile at 
the junction of the limestone and the grey marl near the Maori 
village on the south side. The rock platform is loaded with drift 
on its vsouthern side, forming a wide strand-plain and intensifying 
an appearance of recent elevation, while around the east head of the 
peninsula the platform is practically free from drift-material, and 
the sea reaches the base of the cliffs at many points. 

Caves noted by Morgan {loc. cit., p. 20), arc found near East 
Head, they being eroded in flaky limestone. The entrance to the 
caves is in every case partly filled in with broken rubble from the 
roofs, but Morgan inferred from them elevation amounting to 10-12 
ft. At the extreme north-easterly point of the peninsula cliff-reces- 
sion still seems to be very rapid, there being here an almost level plat- 
form cut in the grey marl over half a mile in width. Yet between 
this point and the old wharf there is a strip of strand-plain 3-4 
chains wide formed of two storm-beaches enclosing a lagoon-like 
flat. This, together with a wide storm-beach at the base of the cliff 
round the next point suggests considerable recent elevation. Near 
the old wharf, where the narrow road is built on an old beach of 
limestone pebbles with numerous included fragments of whale-bones, 
the roadway is being attacked by the sea which would soon reach the 
cliff base again. 
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The extensive rock-platforms indicate the enormous extent to 
which the peninsula has been reduced in area, but evidence that 
recent elevation has amounted to as much as 10 ft. to 12 ft. is 
not altogether satisfactory. It is probable that redistribution of 
waste from the seaward edges of the river-fans, over the highly- 
irregular surface of the cut platform, has been to a much larger 
extent responsible for the narrow strand-plain forming the site of 
the township and the Maori village, l^nequivocal evidence of recent 
uplift amounting to at least 10 ft. to 12 ft. has been recorded from 
the coast immediately to the north, but the writer is by no means 
certain that the movement has been regularly continuous to produce 
the same amount of elevation at Kaikoura. 

ft. THE KAIIAT^ARA RIVER TO OARO BAY. 

Although definite evidence of raised shore-platforms is absent 
from some miles of the coast-line from the mouth of the Kakautara 
River to Oaro Bay, a coast where greywaeke and associated rocks 
exposed in the steeply truncated spurs (see Cotton, 1916, Fig. 21, 
]). 45), comjdete continuity and ai)j)roximate uniformity of the 
iccent upward movement cannot be doubted. Tlie raised beaches 
of the Kaikoura peninsula have their exact counterpart at and near 
Amuri bluff, whence an embayment of a former shore-line with well 
])reserved terrace-remnants extends to the southern end of the llawks- 
wood Range near the mouth of the Waiau-ua River. 

Cotton (1916A, p. 45) draws attention to narrowmess or absence 
of the continental shelf with a great depth of water about tw^o miles 
from the land, lie states further, ''This suggests recent subsidence 
along a fault line close to the present shore; and the land presents 
the apj)earance of a fault scarp (Pig. 21), as though a strip had 
]'('cently subsided along an arcuate line a little within that of the 
initial scarp of the resurrected fault coast to the north-east that has 
already b(*en described. A very similar result might, however, have 
b(Tn produced by offshore subsidence as a result of renewed move- 
ment on the original fault (if wt may assume that the fault coast 
uow^ recognized to the north-east formerly extended along this portion 
of the coast also). Such offshore subsidence would in most cases 
be followed by increased activity of wave action on the shore, pro- 
ducing a cliffed shore line not unlike that of a young fault coast. 
Further study in the field is necessary before a more definite state- 
immt as to the nature of this strip of coast can be made 

The present writer agrees that the later Tertiary faulting accom- 
panying the Kaikoura orogeny had a profound effect on the topo- 
gi’aphy of this area, and to a large extent determined the distribu- 
tion of the Notocene beds. A study of the present occurrence of 
these throws some light on the physiography of the locality. Erosion 
at Oaro Bay has revealed the classic section at Amuri Bluff, which 
shows a gentle anticline with the Notocene rocks overlying a core of 
Jurassic sandstone. McKay’s coloured map (1890) shows this sand- 
stone to occur in a similar position at Kaikoura peninsula, though 
it must be admitted that the shaly rock forming the core of the main 
anticline there does not resemble the typical "cannon-bair’ sand- 
stone at Amuri Bluif. The Notocene beds are developed through 
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the valleys oi the Oaro and Hnndalee streams to the basin of the 
Conway River, and they occur again in the valley of the CharwelL 
In all of these localities they are disturbed by faulting, but they form 
an almost continuous strip around the base of a great protruding 
mass of greywacke and separate it from the main block of the Sea- 
ward Kaikoura Range. If recent faulting determined the outline 
of the present shore in the manner suggested by Cotton, then some 
evidence on a big scale might be expected in the neighbourhood of 
Oaro, the Hundalee Valley, and the Conway River. Such evidence 
as there is may be summarized thus: — 

a. In the valley of the Okarahia Stream, between the Main North 
Road and the sea, greensands and sands overlie the Jurassic sand- 
stone which forms the core of the Amuri Bluff anticline. Near the 
mouth of a tributary stream rising near the saddle over which 
the Main North Road passes into Oaro, is an exposure of Amuri 
limestone overlain by grey marl. These beds strike E. 10*^ N , 
dipping westerly at 30°. Faulting may be inferred from the repeti- 
tion of the greensand in the section, this beiim exposed a little farther 
up the main stream, but the amount of displacement is not great. 

b. In the valley of the Oaro Stream, near the school, limestone 
and overlying grey marl are seen to dip south-easterly in the north- 
western wing of the synclinc which succeeds the Amuri Bluff anti- 
cline. Upstream behind the school greensands are exposed inter- 
mittently in the banks, the section being somewhat ol)scured by recent 
terrace-gravels. Then limestone appears again in an area disturbed 
and shattered by faulting The amount of displacement indicated 
by the repetition of the limestone is not remarkable. Orey marl 
containing fucoids is exposed for a considerable distance upstream, 
until the Hundalee conglomerate (so named here on account of its 
peculiar distribution in this locality) appears near the Okarahia- 
Oaro saddle. Morgan (191 6 A, p. 24) states that a fault determines 
the relationship of the conglomerate to the grey marl, but the section 
in the Okarahia Stream about to be described offers an alternative 
explanation. 

c. A tributary of the Oaro Stream issues from a narrow precipi- 
tous gorge cut in greywacke to enter the main stream near the school. 
At the entrance to the gorge the greywacke is disturbed and brec- 
ciated, it being traversed by a steeply inclined normal fault running 
N.E.-S.W. No rocks other than greywacke are involved in the fault 
and the amount of displacement is difficult to determine. 

d. Less than half a mile below the bridge across the Okarahia 
Stream on the Main North Road, gre}W4racke is exposed in the steep 
banks for a distance of some 300 yards. There is a very clear contact 
between the greywacke and the conglomerate beds which ar'^ so 
clearly exposed in the road-cutting about 150 ft. vertically ‘^bove. 
The junction is a simple unconformable contact, showing no siqm 
whatever of disturbance by faulting, and the conglomerate co7iqi«ts 
here of small rolled pebbles of grc^nvacke in a sandy matrix, with 
occasional large blocks of grey marl a short distance upstream 

Immediately below the first road-cutting exposing the conHo- 
merate, i.e., about J mile from the bridge, another contact between 
the conglomerate and the greywacke is seen. Here the divisio7-»-lino 
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is nearly vertical, but the greywacke shows no sign of brecciatioii 
and the conglomerate lies undisturbed against it. Morgan (Zoc. cit,) 
states that a reversed fault occurs here. The conglomerate is certainly 
abruptly terminated against a steep wall of greywacke, but there is 
nothing to indicate that it was involved in any such reversed faulting 
subsequently to its deposition. The nature and distribution of these 
conglomerate beds have an important bearing on our study of earth- 
movements which may have affected the shore-line. While they con- 
tain numerous very large blocks of greywacke, Amuri limestone 
and grey marl such as those seen in the typical Great Marlborough 
Conglomerate, the bulk of the material consists of fairly fine well- 
rolled pebbles, and the sandy cementing medium is often full of 
shells and shell-fragments. In places the material passes into a 
sandy marl containing scattered pebble^, bands of gravel or large 
angular blocks. From examination of the Okarahia section the writer 
inclines to the opinion that its deposition post-dated any extensive 
faulting which may have determined the depression in which it 
appears to lie. There seems, however, no necessity at all to demand 
any large-scale faulting in explanation of its distribution, for it 
jiiay merely have been deposited at the base of a cliff of normal 
marine erosion at a time when, with the land 1,000 ft. lower than 
now, the sea reached from the present Oaro Valley into the lower 
l)asin of the Conway behind Mt. Guardian and the Hawkswood Range. 

This is a very useful and simple conception of its mode of origin, 
for the great angular blocks may now be supposed to have fallen 
from the cliff* against which the beds were laid. There can be no 
doubt that the deposit is of marine origin, and that it is unconform- 
able to the grey marls. Its Pliocene age is determined, too, by the 
inidence of fossils collected from the upper parts of it. Thomson 
(1912, p. 8) gives a list of fossils collected near Oaro, and deter- 
mined by Suter to be of probable Pliocene age. Thomson, however, 
supposed these shells to have been contained in a raised-beach de])osit, 
but Professor R. Speight has made collections from the upper conglo- 
merate beds in precisely the same locality, and Suter identified these 
also as of Pliocene age. 

There is therefore no satisfactory evidence that the great block- 
displacement which Cotton supposes to have determined the coast 
south of Kaikoura, is continued into the country near Oaro and the 
Pliocene Hundalee conglomerate does not seems to have been faulted 
into its present position. It is quite possible and likely that the 
conglomerate post-dates the Kaikoura orogeny and its present eleva- 
tion above the sea can be accounted for by a post-Kaikoui’a elevation 
of about 1,000 ft., i.e., equivalent to the height of the upper marine 
ttTraces. The cliff against which the beds were laid may have been 
a fault scarp belonging to the Kaikoura orogeny but it is by no 
means necessary to suppose this. 

So there is only the evidence of the fresh-looking steepness of 
the coastal cliffs and the occurrence of deep water close inshore to 
support Cotton s conception of a recent fault-coast north of Oaro. 
Examination of the coast-line concerned shows steep cliffs truncating 
spurs, the strata highly tilted and disturbed, abundant smoothed 
slicken-sided faces, and an irregular cut platform of considerable 
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extent. All these features, however, are to be found wherever masses 
of the older rock are cliffed at the shore-line. On both sides of the 
mouth of the Oaro Stream are remnants of Notocene beds terraced 
at 150 ft. and at 360 ft., but no remnants of them are fovnd on the 
coast between here and Kaikoura, and there are no definite terraces 
in the older rocks. Since support for the hypothesis of recent 
large-scale faulting has not been found from examination of the 
adjacent land, it may be supposed that any such faulting as may 
have occurred was of the nature of a huge cauldron-like subsidence 
of the sea-floor some distance from the present shore. However, the 
cliffing of the coast by marine erosion at a time when the land was 
higher than now must not be overlooked as a possible explanation 
of the sudden deepening of the water offshore. 

The writer has examined Cotton’s description of the coast 
(1916A) in the field, but has sometimes found it difficult to follow. 
As far as the disappearance of the Notocene rocks from the coast 
is concerned, it will probably be found that such disappearance is 
a i-egular structural feature, and not necessarily to be attributed 
to faulting. The alternation of older and younger rocks is most 
remarkably regular from this point southwards, and recent faulting 
does not seem to have been a factor in determining the outline of 
the present coast. 

H. OARO BAY TO THE HAWKSWOOD BLUFF. 

With the exception of the well known section at Amuri Bluff, 
this locality has received comparatively little attention from geolog- 
ists. Ilaast (1871) gives a general account of the structure of the 
district, indicating the succession of rocks down the coast from 
Amuri Bluff to the (.^onway River, and describing a section exposed 
in the north bank of that river. Buchanan (1868, pp. 36 and 40) 
makes brief reference to the structure at the mouth of the river, 
while McKay (1886, p. 126; 1890A, p. 182) states that he did not 
examine the terraces to the south of it. His coloured map (1890A)^ 
however, shows roughly the position of the gravel-beds there — gravels 
which he, for no expressed reason, assigns to the same formation as 
his ^ ‘ Great Post Miocene Conglomerate. ’ ^ Hutton ^s map accompany- 
ing his paper on the North Bast Coast (1877, p. 56) shows the rocks 
of his “ Maitai Formation” exposed on the coast-line continuously 
between the Conway River and Gore Bay. 

For the reason that much of this area has hitherto been 
unexplored by the geologist, and that it contains raised shore- 
platforms rivalled in extent only by the Motunau Plain, it will be 
described in some detail in this paper. In view of the fact that a 
l^niversity student has lately commenced a study of the geology of 
the lower Conway basin, the stratigraphical relationship of the 
coastal gravel-beds to those in the neighbouring Hundalee Valley, 
and to the associated richly fossil if erous sandy marls, will not be 
discussed. 

McKay ^s coloured map (1890A) shows a threefold division of 
the older rocks in this locality — i.e., his Bastion Formation is repre- 
sented in the core of the anticline in the Amuri Bluff section, his 
Otapiri and Wairoa Formations (Triassic) extends from the coast 
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at the Kahautara River across the Conway and Hurunui Rivers 
through the main mass of the Hawkswood Range, while the rocks 
exposed on both sides of the Waiau River are suj)posed to be of 
Maitai (Carboniferous) age. These latter rocks are the only part 
of the pre-Notocene series examined in any detail by the present 
writer, and any discussion of McKay’s classification is beyond the 
scope of the present work. It may be noted, however, that his map 
is somewhat inaccurate regarding the areal distribution of the grey- 
wackes and associated shaly rocks which are cxpos(‘d in the steep 
bluff where the Hawkswood Range is truncated by the sea some two 
miles to the north of the mouth of the Waiau River. 

When the land was from 500 ft. to 900 ft. lower than now the 
Hawkswood Range determined the former shore-line with a wide, 
open bay to the north of the present bluff, which must then have 
had a considerable extension seaward. Emergence has exposed the 
local remnant of the Notoeene '^covering strata” in terraced flats 
filling the old embayment for a distance of 18 to 20 miles, and land- 
ward erosion of these younger beds has been interrupted by periodic 
renewals of uplift, and a more recent cycle of progradation near the 
mouth of the Conway River. The most striking feature of the 
present shore-line is that, although it formerly approached several 
times to or within a short distance of the arcuate base of the 
Hawkswood Range, it is now almost perfectly straight for a distance 
of some 18 miles from the Hawkswood Bluff to the mouth of the 
Okarahia Stream. The Notoeene beds are divided into two ver> 
distinct localities by the Conway River — those to the north of it 
consisting of Cretaceous sands and sandstones overlain by the typical 
Aniuri limestone and grey marl, while those to the south are only 
stratified gravels and massive conglomerates associated with sandy 
marls and sands all of a younger age. These localities wnll there- 
fore be considered separately. 

a. North of the Conway River: The Notoeene rocks here form 
a narrow tilted strip lying close to the base of the pre-Notocene hills 
for a distance of some 7 miles and rising to a greater height in the 
eastern wing of the denuded anticline at Amuri Bluff. The sections 
('xjiosod at the Amuri Bluff and in the north bank of the Conway 
both appear to be perfectly regular and undisturbed by faulting, 
and they both show a similar succession of sands and sandstones 
passing up into the Amuri limestone and grey marl. Haast (1871, 
pp. 37-39) described both sections in some detail and remarked 
(p. 39) on the complete disappearance of the Amuri Bluff beds in 
the southern bank of the river, they ” being probably hidden under 
the large post-Pliocene shingle terraces which face the mountain 
sides, and which make their appearance again three miles south of 
the mouth of the Waiau-ua River, in a few cliffs washed by the 
surf. ’ ’ 

In order to determine the relationship of the beds on either 
side of the river, continuous observations were made of the strike 
of the older Notoeene beds exposed in the sea-cliffs from Amuri 
Bluff southwards. It is the strike of the Amuri limestone that is 
recorded, but this is discontinuous on the coast, it having sometimes 
been completely removed by marine erosion where the sea has cut 
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through it at many points into the underlying sands. Indeed in 
one locality about a mile north of the Conway River the whole 
sequence of the Notocene beds has been removed, exposing the under- 
lying Jurassic sandstone in the graded cliffs. 

At Amuri Bluff, strike is N.EJ., dip S.E. 30®. (Speight and Wild, 
1918, p. 87.) 

At the mouth of the Okarahia Stream (just south), strike is 
N.E. (true). Here the beds are disturbed, dipping very steeply. 

Farther south at cliffs from the face of which the limestone 
has lately been removed strike is N.E. (true). 

Near the Boat Harbour, strike is N. 40® E. (true). 

In reefs exposed at low tide near Claverly strike is N. 15® E. 
(true). 

At first point below Claverly strike is N.S. (true). 

In the Conway River section strike is N. 60® B. Dip southerly 
45° to 50°. 

This indicates the irregular nature of the outcrop and the manner 
in which it swings seawards from the mouth of the Okarahia Stream, 
and then inland to the south of Claverly, exposing the limestone in 
the north bank of the Conway at a considerable distance from the 
present shore-line. It appears highly probable, therefore, that the 
gravels and fossiliferous sands and sandy marls exposed in the high 
cliffs between the Conway River and the Hawkswood Bluff lie in 
their normal stratigraphical position. 

South of the Conway Riven In February, 1927, the writer 
examined the beds exposed in the cliffs between the Waiau and 
Conway Rivers, and on the return journey ascended the terraces in 
the southern and central portions of the Hawkswood area, and 
examined the beds exposed in the ravine-like valley of the Medina 
Creek. The return trip from the Conway to the Waiau occupies 
two days and should be undertaken only when the sea is calm and 
the tide low in the late afternoon and early morning, so that the 
base of the Hawkswood Bluff may be passed easily. 

The coastal section from the Hawkswood Bluff to the lower 
terrace near the Conway River shows the following: — 

а, Shaly greywacke exposed in the magnificent cliffs of the bluff. 
The rock is in places veiy shaly but becomes more massive farther 
north. It generally stands in an almost vertical position and shows 
considerable contortion. 

б. Light grey sandy marls lying with sharp unconformity on 
(a), and dipping steeply in a direction a little to the north of east. 
The first exposure is seen two miles north of the Waiau River. In 
the first stream dissecting the main Hawkswood terrace they are 
seen for a distance of only 200 yards, ending abruptly against the 
shaly greywacke. They form the steep sea-cliffs from here to a 
point near the mouth of the Medina Creek. 

c. Conglomerates of medium to coarse texture composed of well- 
rounded pebbles of greywacke and associated rocks. The cementing 
medium is highly ferruginous, imparting a rich coloration to the 
cliffs even where these are freshly exposed by slumping, which occurs 
here on a large scale. Very good sections through them are seen 
in the almost vertical walls of the narrow gorge at the mouth of the 
Medina Creek. 
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d. Sands. These succeed the conglomerates in the cliffs a little 
to the north of the Medina Creek. They are in places richly fossili- 
lerous. 

e. Gravels, less firmly cemented than (d), appear again about 
5 miles south of the Conway River. These beds become increasingly 
finer in grain with alternating layers and lens shaped inclusions of 
brown, grey and yellow sands, until near Mr. 1). MacParlane s 
homestead they consist entirely of sand. 

The section through Medina Creek shows a succession of (a) 
conglomerates, (b) sands and sandy marls, (c) conglomerates. 
There appear to be two bands of conglomerate, one near the shore- 
line, the other near the base of the Hawkswood Range, and separated 
by thick beds of fossiliferous sands and sandy marls. Closely similar 
beds are exposed in the lower Conway basin, and the examination 
of these will no doubt reveal their true stratigraphical position. 

c. Shore Platforms'. Various writers have referred to the 
presence of raised beaches in this locality. McKay (188G, p. 126 ; 
1890A, p. 181) noted the occurrence of recent marine shells at Amuri 
Bluff at a height of 500 ft., but he did not think that the terraces 
on the seaward slope of the Hawkswood Range are a continuation 
of those between the Amuri Bluff and the Conway River. He no 
doubt referred to the larger of the terraces on either side of the 
river, the connection between these being certainly not very clear. 
Hutton (1877, p. 55, and section 12) referred to the Amuri Bluff 
and the Hawkswood terraces, and noted a higher terrace cut in the 
older rock south of the Conway at a height of 300 ft. It is apparent 
that Hutton’s estimates of heights of terraces were always very con- 
servative — in this case only a little more than half the actual height. 
Thomson (1912, p. 8) noted fossiliferous sandy beds in the valley 
of the Oaro Stream at 900 ft. It has been pointed out that these 
may belong to an earlier period than the raised beaches of the 
locality, but there is other evidence of cut platforms at about 1,000 
ft. with which the deposits noted by Thomson may perhaps be 
correlated. Morgan {loc. cit.) notes further the occurrence of terraces 
at 40 ft., 50 ft., and 200 ft., near the mouth of the Conwa^, at 
400 ft. near Claverly, and at 600 ft. above the Amuri Bluff. 

As there seems no reasonable doubt that the terraces on both 
sides of the Conway are continuous, no distinction between the two 
areas will be made in the following description of shore-platforms 
at various levels: — 

a. At high-xmter mark: Redistribution of fine gravel and sand 
from the material of the Waiau and Conway Rivers and of the 
receding portions of the coastal cliffs, has obscured the platform cut 
at present level, except in the neighbourhood of the Amuri Bluff. 
The reefs of limestone exposed at low tide near the Boat Harbour 
and Claverly (Haast, 1871, p. 38) form a remnant of a platform, 
the inner edge of which is thickly mantled with sand and shingle; 
but from the mouth of the Okarahia Stream, round the Bluff to 
Tarapuhi, the platform is singularly free from surface cover. Where 
the component rock is the grey marl, it has a very uniform level 
surface, except where the strike of the beds is parallel to the shore 
and their upturned edges project in a system of parallel ridges. 
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Here the junction between the grey marl and the Amuri limestone 
is very clearly shown (Speight and Wild, 1918, p. 87) and where 
the harder limestone forms the material of the platform, it has a 
highly irregular surface, with ragged unevenly-cut masses of rock 
extending for some 150 to 200 yards from the shore. The junction 
between the limestone and the underlying sandstone is also very 
clearly exposed at the north side of the bluff, and where this passes 
down into softer sands, the platform disappears under a mass of 
coarse gravel cast up on the beach. The surface is traversed by 
deep narrow channels developed from cracks similar to that which 
has been enlarged by wave-action into the natural arch at the end 
of the bluff. The large area of the platform exposed at low tide^ 
and the manner in which it has become covered with beach deposits 
in other places suggest that recent slight uplift has taken place^ 
but there is nothing to mark definitely the extent of it. 

b. At 30-40 ft . : Just south of Claverly the base of the high cliffs 
retreats inland where the Notocene rocks have been completely 
removed at some points. This embayment of th^ former shore-line 
is in every respect similar to that which now exists to the south 
of Amuri Bluff, but it has been infilled with fine shingle and sand, 
attaining a maximum height of somewhat less than 40 ft., and form- 
ing the terraced area known as the lower Conway Flats. Distinct 
terraces, of the nature of successive barrier beaches, can be traced 
right across this lower plain; they are somewhat better developed 
on the north side of the river. The heights of these old barrier- 
beaches may be summarized as folloWvS; — 

Taking the top of the first bank of shingle on the shore (6 ft.) 
to be normal high-water mark, 

The second terrace is 10 ft, above high-water mark. 

The third terrace is about 22 ft. above high-water mark. (The 
inner edge of this terrace is not more than this height above high- 
water mark, and it is 25 to 30 chains wide.) 

The fourth terrace is about 35 ft. above high-water mark. This 
terrace is of more limited extent and is found near the base of the 
cliffs* just north of the Conway River. 

The slope of all these terraces is definitely inland. It is difficult 
to form even a rough estimate of the actual amount of the elevation 
indicated by them. It is probable that the seaward edge of each 
shelf represents an old shingle barrier, which formerly enclosed a 
lagoon similar to that now existing at the mouth of the river. 

c. At 50-60 ft.: In the extreme southern corner of the lower 
Conway Plat, Mr. D. Macfarlane's ‘‘ Rafa Downs'^ homestead is 
built on a remnant of a higher platform at 50-60 ft. This height 
may not actually represent the level of a former beach, for it is 
uncertain to what extent it has been raised by material from the 
grading of the gravel cliffs behind it. In the low cliffs at the 
present shore-line the beds exposed are fine gravels, sands and clays 
containing remains of tree-trunks. This is probably the locality 
referred to by Buchanan (1868, p. 40, and section p. 38) who 
describes the finding of erect tree-trunks and stumps in position, 
in a tough blue clay overlain by sands and gravels exposed in the 
high cliffs. All the logs seen by the writer were prostrate, there 
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being no erect stumps. Buchanan’s section (p. 38) showing stumps 
in position cannot now be seen because the shore-platform depicted 
in the section is thickly covered with recent beach-shingle and sand. 
It is of course quite possible that this cover may have accumulated 
since 1866, but the few prostrate tree trunks now visible arc not 
admissible evidence of recent local subsidence. 

d. At 150-160 ft,: This is the height of the inner edge of the 
terrace at Amuri Bluff (South), where it shows a well-planed surface 
with terrace-gravels and sands resting with 8hari> unconformity on 
a basement of grey marl. Just north of the Conway River, however, 
there is a very steep rise from the rear of the lower flats to a height 
of 180-190 ft. Here the 150-160 ft. level is apparently not repre- 
sented. It is well developed on the south bank of the river where, 
however, its surface relief has been modified by the river and by 
drainage tributary to the river. Just north of the Rafa Downs” 
homestead, the terrace terminates abruptly in a gentlj^-graded cliff 
rising to a platform about 90 ft. higher. The discontinuity of this 
terrace level through the Amuri BlufE-Hawkswood area is very con- 
fusing in correlating the various remnants but it is easily explained, 
for with the land 150 ft. lower than now, there would be large 
irregular embayments of the coast in striking contrast to the 
peculiarly straight line of the present shore. At Amuri Bluff the 
inner edge of the terrace is obscured by fan-like accumulation of 
angular chips of limestone from the hill above, and there is an abrupt 
rise to the terrace standing at about 550 ft. On the south bank of 
the Conway, too, there is a still more abrupt, almost precipitous rise 
1o a terrace at the same level, though a little farther south a remnant 
of the 250 ft. platform is preserved. 

e. At 250 ft.: On the north bank of the Conway River, the 
cliff (180 ft.) which determines the inner edge of the lower Flats 
is the present seaward margin of a gently-sloping terrace wdiich, 
when traced along the left bank of Limestone Creek, rises to 220 
ft., iK'ing about 30 ft. higher on the right bank. This terrace extends 
northwards until it merges gradually into the 150 ft. level near Amuri 
Bluff. It is well represented in the Hawkswood area where it extends 
as far south as Medina Creek. Here a terrace rises somewhat 
abru])tly from it at a level of 330-370 ft., but it appears again in an 
extensive platform near the Hawkswood Bluff. The discontinuous 
Iragments of this 250 ft. terrace, too, have the general shape of 
si‘gments of circles, bearing witness to the embayed outline of the 
former shore. Although a general view of the area may give a 
confused idea of considerable surface-irregularity, the inner edges 
of terrace remnants at 250 ft. can be traced for long distances, 
and the boundaries of the old embayments thus fairly w^ell defined. 
This, together with the accordance in level of the 250 ft. terrace 
at Kaikoura, indicates that elevation was remarkably regular for 
many miles. 

f. At 330-380 ft, : As noted above this terrace is well represented 
just south of Medina Creek, and its inner edge rises to some 380 ft. 
Morgan ^916 A, p. 24) estimated the height of the remnant behind 
the Claverly homestead to be 400 ft., and discontinuous renmants 
of ledges at 330-380 ft. occur throughout the Hawkswood area. 
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Terraces at this level appear to have been entirely removed from the 
seaward face of Amuri Bluff Hill and the hills immediately south 
of the Conway River. The remnants in the middle portion of the 
Hawkswood area are now little more than a succession of flat-topped 
spurs separated by narrow deep channels of consequent drainage, 
which make communication a matter of great difficulty. Though 
definite remnants of marine terraces at this level are notably absent 
near the Conway River, there are saddle-shaped fragments of river- 
terraces with abundant water-worn pebbles on the surface. These 
occur on both sides of the river at about a mile from its mouth. 
Here the stream bed is 30 ft., and the terraces 400 ft. above the sea. 

g. At 500-600 ft: It is difficult to define the exact level of Uie 
marine terrace represented by a very large number of fragments 
between these limits. McKay’s estimate of the height of beds of 
fossiliferous beach-shingle and sand on the Amuri Bluff Hill was 
500 ft., while Morgan {loc. cit.) records similar deposits at an esti- 
mated height of 600 ft. The highest point in this locality (Tarapuhi 
Trig. Station) is 583 ft. Hutton, also, recorded the height of the 
well-defined platform cut in sandstone above the Conway River as 
300 ft. This is an extensive and remarkable ledge. Its seaward 
face is about 550-575 ft. and its inner edge stands at 800 ft. The 
extreme seaward face, immediately above the river, is accordant in 
height with the Amuri Bluff Hill, and with a number of levelled 
spurs with water-worn pebbles on their surface extending from the 
north bank of the Conway River past the seaward face of Mt. 
Guardian. Many fragments of an accordant height are found, too, 
extending far to the south of the river, and the continuity of the 
spurs levelled at this height is very clearly seen from the summit of 
the southern part of the Hawkswood Range. Probably the most 
reasonable estimate of the terrace level represented by all these 
fragments is 550 ft. 

h. At 650-700 ft.: As noted above, the ledge above the Conway 
River obseped by Hutton rises from 550 ft. to 800 ft. The writer 
is of opinion that a terrace-level occurs between these limits but 
has not sufficient evidence to say how far this is distributed through 
the area under discussion. 

i. At 800 ft.: Widespread remnants of a terrace at this level 
occur for several miles to the south of the Conway River. The 
remnants are now nothing more than flat ledges cut in the spurs 
separating the parallel consequent stream valleys. High on the 
seaward face of the Hawkswood Range, they are not easy of access. 
For this reason the writer has measured them only on the bank of 
the river above referred to, near Medina Creek, and on the southern 
part of the range a little to the north of the Waiau River. 

k. 1,000 ft.: A well-defined ledge at about this level occurs 
immediately above the 800 ft. remnant at the Conway River. There 
appear to be corresponding ledges in several localities on the sea- 
ward face of the Hawkswood Range, though the writer is not pre- 
pared to say that they are all accordant in height. Also the deeply- 
dissected country in the neighbourhood of the Okarahia Stream and 
Oaro appears to have had formerly a levelled surface. This seems 
to have been observed by Thomson and Cotton (Thomson, 1912, p. 8), 
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though the shells collected by them at about 900 ft. were contained 
in the Pliocene Hundalee Conglomerate, and not in a raised-beach 
deposit. 

In the above discussion no pretence is made at completeness of 
treatment of an area which has hitherto received little attention, 
and which merits a more detailed survey. A very remarkably 
complete suite of marine terraces is preserved here, but correlation 
of the fragments and interpretation of the evidence has been made 
difficult by the discontinuity of the remnants throughout the area. 
Having found an explanation of this in the existence of former 
irregular embayments of the shore line, similar to that in which 
the material of the more recent lower Conway Flats has been 
deposited, more rapid progress was made in the work. Much 
remains to be done in examination of the higher level terraces to 
the south of the Conway Eiver Here the recently elevated terraced 
country is traversed by deep ravine-like channels of consequent 
drainage and much time is occupied in reaching any small part of 
the area where the higher terraces are developed. 

T. Tlin HAWKSWOOD BLUFF TO THE BLYTH RIVER. 

A large inland basin infilled with Tertiary marine beds extends 
from the fault-valley of the Greta, across the Hurunui, through 
Che^iot, Spotswood, and Parnassus to the Conway. The structure 
of this basin is dominantly synclinaP' (Speight, 1918, p. 98). A 
gi’cywacko ridge separates it from the sea, and through it the Jed 
and the lower Waiau gorges have been cut. Speight (Zoc. cif,, p. 99) 
describes the nature of the sjTicline into which the Notocene beds have 
been folded at Gore Bay, and indicates the manner in which it is 
followt‘d to the south by an anticline with a core of greywacke at 
the lower Ilurunui Bridge. This grej^acke appears to be in con- 
tinuation of the ridge extending across the lower Waiau from Hawks- 
wood 1o the Jed; it appears again on the coast at Port Robinson 
and in Manuka Bay at the seaward base of Mt. Seddon, and dis- 
appears under the covering strata immediately-.south of the Hurunui 
Bridge. Greywacke makes its last appearance on the North East 
Coast at the mouth of the Blyth River, but it can be traced as 
the core of an anticline as far as the main branch of the Motunau 
River at a distance of five miles from the sea. The strike of these 
pre-Notocene rocks and the direction of the ridge are variable and 
generally not parallel to the present shore. The regular alternation 
of the older and the younger sets of beds on the coast-line obtains 
as far south as the Blyth, this being the point at which the older 
rocks disappear from the coastal cliffs. Prom here southwards, 
however, a precisely similar regular alternation of the older and the 
younger members of the Notocene series is the most striking struc- 
tural feature of the coast. 

The nature of the Gore Bay syncline has been amply discussed 
by Ilaast (1871, p. 41 and section 16), Henderson (1918, pp. 171-4), 
Speight (1918, p. 99), and Speight and Jobbems (1928), and the 
stratigraphy at the mouth of the Hurunui has been described by 
Speight and Wild (1918, p. 80), and Speight and Jobberns (1928). 
Therefore little further reference to the structural features of these 
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localities will be made in this paper, but a general description will 
be given of areas which have hitherto received little a1 tention viz. 

{a) From Hawkswood Bluff to Gore Bay, and (b) from the Hurunui 
River to the Blyth. A correlation will then be made of the shore- 
platforms occurring on this part of the coast, indicating the very 
remarkable continuity and uniformity of former beach-levels. 

a. Hawksiooad Bluff to Gore Bay: In addition to the visit made 
to the mouth of the Waiau from the Conway, the writer also reached 
it along the coast-line from Gore Bay. Owing to the broken nature 
of the country, with its very steep rocky cliffs and boulder-strewn 
beach with impassable projecting bluffs, this trip, which was made 
in company with Mr. W. R. Robinson, proved very difficult. The 
waters of the Waiau formerly discharged into a small bay, filling it 
with fine shingle, sand, and silt, as exposed in the cliffed edges of 
the raised plain which now attains an average height of 40 It. and 
covers an area of about 300 acres. The component material of the 
plain is in marked contrast to the coarser gravel now coming down 
the river to form the magnificent shingle-bank enclosing the lagoon 
at its mouth. Elsewhere high seas reach the base of the cliffs at 
almost all points between the Conway and Gore Bay. 

Just south of the Waiau River mouth there is a small exposure 
of bluish-grey sand capped with dark yellowish gravels rising to 
150 ft. About a quarter of a mile down the coast from the river, 
these sands show considerable distortion which has affected tlK‘ over- 
lying gravels as well, these being tilted very steeply from here to 
the first projecting bluff. At this bluff* the ancient shaly sandstones 
are rendered almost schistose, and the beach is strewn with boulders 
of enormous size and masses of recent slip breccia consisting of fresh 
angular fragments. Just round the bluff to the south, the strike 
changes abruptly and tlic beds dip inland at a high angle, while 
from this point to the next bluff, which is imi)assable at the lowest 
tide, the rock changes to a more massive type of greywacke. When 
ascending this otherwise impassable bluff, the writer noted water- 
worn gravel on a fairly level surface at 370 ft. and again at 550-600 
ft., while about half a mile below it are two very distinct gravel- 
capped remnants of a shore-platform at 350-400 ft. These are no 
doubt the terraces noted by Haast three miles south of the Waiau- 
ua River'' (1871, p. 39). Prom here to within about a mile of the 
Jed River the cliffs are very steep except where they have been 
graded somewhat by landslipping on an enormous scale. A charac- 
teristic feature of this slip-material is a hard re-cemented breccia 
consisting of sharp angular fragments of shale and sandstone 
imbedded in an earthy matrix of tenacious dark puggy clay produced 
by crushing of the shaly sandstones themselves. This material is 
somewhat resistant to wave-erosion and forms the material of a wave- 
cut f)latform on which are strewn irregular angular blocks and 
boulders of sandstone. This platform is more or less continuous 
along this coast, but its inner edge is obscured by angular debris 
from the cliffs and by shingle east up to heights of 25 ft. in little 
bays. Some 2i miles south of the Waiau River it is cut in a hard 
greywacke conglomerate with a very tenacious cementing-medium of 
dark-grey sand. Here, too, where the cliffs are more stable, are 



JoBBERNS. — Raised Beaches of N.E, Coast of South Island, 537 

remnants of horizontally-stratified marine deposits 30-40 ft. thick 
lying on the planed surface of shaly sandstone at about 150 ft. 

Some three miles north of the Jed River, near the site of the 
wreck of the Tainui’’ is an enormous stack-like block of compact 
grey sandstone, separated from the shore by a rock-platform cut 
in the typical re-cemented sandstone breccia. It is sharply distinct 
from the softer material of the platform — i.e., entirelj^ foreign to 
the rock in which it rests, and its is probable that it reached its 
present position at a time of unusually active slumping, evidence of 
which abounds here. On a base measuring 2 chains by 2 chains and 
tapering only slightly to a height of 60 ft., it is a remarkable 
feature of the shore. Near its base, at a level barely above normal 
high-water mark, is a wave-cut ledge similar to the high-water 
platforms described by Bartrum (1916, pp. 132-134). Between here 
and the Jed River also the cliffs show unusually active slumping of 
a somewhat incoherent brecciated material, and the whole coastal 
area resembles a wide shatter-belt suggestive of recent powerful 
faulting. But the continuity of reefs extending 300-400 yards off- 
shore, the general non-resistant nature of the shaly rocks which arc 
tilted into a nearly vertical attitude, and th(‘ presence of undoubted 
remnants of what once must have been a ('ontinuous raised shore- 
platform, indicate that rapid recession of the cliffs by wave-attack 
combined with seaward slumping on a great scale might satisfactorily 
account for this very extraordinary type of coast. The brecciation 
of the r(K*-ks is no doubt largely due to faulting, but there is no 
convincing evidence of any recent mo\cment on a big scale. 

b. From fh( Ilurunui to the Blijih: Speight (1918, p. 99) notes 
briefly the peculiar surface-features of this locality, but the only other 
reference to it is that of Hutton who says (1877, p. 55), “At the 
north head of the Blyth stratified shingle, resting unconformably 
on the i^ireora formation forms hills 500 fc'ct high.’’ No reference 
is to b(' found in geological literature to the enormous development 
of older stratifii^d gravels, occupying the lower basin of the Blyth 
for a distance of 5 miles from the sea, and cov(‘riiig an area of some 
20 square miles. 

The rocks exposed at the eastern base of Pendle Hill, where 
the Blyth River issues from a deep narrow gorge cut in greywacke, 
are sands and marls overlain by massive shelly conglomerates and 
sands (Mt. Brown beds). These pass up into sands and sandy marls 
with the hard “cement stone” inclusions of the Motunau series 
which, however, have only a limited exposure situated about 5 miles 
from the mouth of the river. Here on the left bank high bluffs 
are found to consist entirely of stratified gravels dipping south- 
easterly at 15‘^-20°, resting against the soft sands of the upper 
portion of the Mt. Brown series, and capped unconformably by thick 
beds of horizontally-stratified gravels attaining a height of over 500 
ft. In the bed of the river below the bluffs the contact betwt^en the 
gravels and the Motunau beds is not visible, but from their relative 
positions their unconformity is evident. This exposure is of con- 
siderable importance as it removes doubts as to the Mt. Brown age 
of the sands with hard calcareous bands exposed at the mouth of 
the Hurunui River (Speight and Jobberns, 1928), and it enables 
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the older gravels of the locality to be correlated definitely with the 
Kowai series of gravels (Speight, 1919, pp. 269-281) to which they 
bear a very close resemblance. 

The sequence of Notocene rocks forming the south-easterly wing 
of the Hurunui Bridge anticline has been described elsewhere 
(Speight and Jobberns, 1928). Here the iJlt. Brown beds lie uncon- 
formably on the grey marl and Amuri limestone, being themselves 
overlain unconformably by the older set of stratified gravels which, 
when traced southwards, are seen to have an enormous development. 
No doubt complete removal of the intervening Motunau beds and 
part of the upper Mt. Brown series preceded the deposition of the 
gravels in this locality. Those gravels are well exposed in the cliffs 
just north of the Blyth, and magnificent sections through them are 
seen in the precipitous walls of the many ravine-like channels eroded 
here. The supply of waste, both as slip-debris from the cliffs, and 
water-borne shingle from these ravines, has far exceeded the capacity 
of the sea to remove it, so that an unusually wide strand-plain has 
developed in this locality. In these circumstances, however, it does 
not n(Kt^ssarily indicate any recent elevation. 

On the south bank of the Blyth, near its mouth, the gravel-beds 
are seen to lie with sharp unconformity against the lower members 
of the Cretaceous series of sands and, where these disappear upstream, 
against the underlying greywacke which forms the core of the anti- 
clinal ridge behind the Napenape beach. At the Hurunui Bridge, 
too, the greywacke and overlying Notocene beds involved in the 
anticline disappear abruptly beneath the gravels, and this anticline 
is at a much lower level than that of the Napenape ridge, and con- 
siderably out of alignment with it. Therefore the relation of the 
beds at the Hurunui Bridge to the similar beds at Napenape, and 
the relation of the gravels to the underlying rocks in the Blyth, 
together with their peculiar distribution and persistent south- 
easterly dip for several miles inland indicate that the valley of the 
Blyth has been determined by a fault with a considerable downthrow 
to the north-west. Since it is apparent that the gravels have not 
been involved in the movements affecting the underlying beds, it is 
very probable that their deposition proceeded after this faulting had 
taken place and the main structural features of the lower basin of 
the Blyth had been determined. The gravel-beds in contact with 
the greywacke on the south bank of the river have not been disturbed 
by faulting. 

More recent movements have, however, profoundly affected the 
whole of the area. Prior to the deposition of the older gravels 
submergence of the eroded Notocene beds bad accompanied the 
faulting above referred to, it being a most significant fact that the 
older gra' el beds contain no fragments of rocks younger than grey- 
wa('] e Tlu‘r(^fore there seems very definite evidence here that the 
fault which was no doubt coincident with that which determined 
to a I rge extent the present-^ physiography of Canterbury (Speight^ 
1915 ]). 336-353, 1926A, pp. 355-360), took place in the period 

inter ('jung between the emergence and erosion of the Motunau beds 
and the deposition of the Kowai gravels. The subsequent history 
ot‘ th(' area has been one of general re-emergence with some slight 
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warping of the surfaces planed by the sea, but with no appreciable 
renewal of the major faulting-movements. Speight (1919, p. 281) 
assigns a Pleistocene age to the Kowai gravels where these are 
unconformable to the Motunau series. Therefore the emergence of 
wave-terraced Kowai gravels indicates very clearly the Pleistocene 
or later age of this upward movement. 

Beds of more or less horizontally stratified shingle and sand 
form a surface-cap on the planed edges of the underlying tilted 
strata, these later deposits extending far up the valley of the Blyth 
where Hutton (1877, p. 55) observed them overlying the Mt. Brown 
sands. In some places near the coast they attain a thickness of 
50-60 feet and are not notably different in texture or material from 
the tilted gravels on which they lie. Such a thickness of surface- 
cover suggests deposition on a slightly sinking surface after plana- 
tion of the older gravels had commenced. Then ensued the period 
of discontinuous uplift affecting the whole coast and leaving wave- 
cut terraces at 150-160 ft., 250 ft., 330-350 ft., and 525 ft. Speight 
(1918, p. 99) notes that the wave-levellel surface south of the 
Hurunui is higher near the coast than farther inland. The highest 
point near the coast is 525 ft., whereas, at a distance of 3 miles from 
the seas it is only 300 ft. This peculiar regular concavity of the 
surface must be attributed to warping, and the manner in which 
all the streams fiow south-easterly to the Blyth has no doubt been 
(let('rniined by an original tilt in that direction. 

CORRELATION OF SHORE-PI.ATFORMS. 

While the nature of the later Tertiary deposits in the Blyth 
\"alley affords some definite evidence of the age of the emergent 
coast, there is preser\ed in this area bordering the lower Hurunui 
a very complete record of the stages by whi(*h an elevation of at least 
800-850 ft. has been allaiued. The locality deserves a more accurate 
survey of the heights of the terraces than the present writer has 
been able to make, a survey which would define clearly the number 
of periods of considerable standstill during the uplift process and 
the exact heights of the inner edges of the terrace remnants. There 
is no other part of the north-east coast with the exception of the 
lower Conway area where such accurate work could be undertaken 
to greater advantage. The following is a summary of the terraces 
preserved between the Waiau and the Blyth Rivers. 

a. High-water mark: Rock-platforms cut at present sea-level 
are generally obscured by beach-drift. They are, however, well 
marked at Gore Bay and Port Robinson, and less distinctly on parts 
of the coast north of the Jed as described above. 

b. At 40-60 ft . : Terraces at this level occur at the Waiau mouth 
and on the north bank of the Hurunui near its mouth. In the latter 
locality the terrace is cut in the Notocene beds below the bridge, 
and capped with a thin veneer of sand and fine gravel. Traced in 
a north-easterly direction it shows a gradual increase in height w^here 
the surface-cover is increased in thickness by alluvial material from 
the seaward slopes of Mt. Seddon. In Manuka Bay, a small rock- 
ledge cut in greywacke stands at 40 ft. and this probably represents 
the actual height of the cut portion of the platform. 
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c. At 150-160 ft,: A number of terrace-remnants at this level 
occur discontinuously. One has already been described from the 
Jed-Waiau coast and small rock-ledges on Mt. Seddon stand at 150 
ft., probably the most reliable estimate of the height. This is also 
the approximate level of the lowest terrace cut in the Mt. Brown 
sands and Kowai gravels between the Hurunui and the Blyth, but 
the surface of this platform is uneven and, owing to irregular 
accumulation of debris from the incoherent gravels and sands of 
the more or less maturely graded cliff behind it, its inner edge is 
by no means horizontal. 

d. At 250 ft,: The second terrace in the Hurunui-Blyth area 
stands at this level, and it is in every respect similar to the one imme- 
diately below it. In the southern part of Gore Bay the terrace, 
out of the soft gravelly sands and claj^s of which the well known 

Cathedral ’’ has been eroded, attains a maximum height of about 
290 ft. But here, as elsewhere, the inner edge is obscured by accumu- 
lation of drift-material, and the actual height of the surface planed 
by the sea is probably only 250 ft. It may be traced southward 
to Port Robinson, where Henderson estimates its height as rising 
from 220 ft. to 250 ft. (1918, p. 174; 1924, p. 587). A remnant at 
250 ft. is seen to the south of Port Robinson, in Manuka Bay, but 
here its inner edge is very uneven and it appears to grade into a 
lower platform at 150-160 ft. 

e. At 330-350 ft,: Discontinuous fragments of a platform at this 
level are to be found on the Jed-Waiau coast (previously described ), 
on the seaward slopes of Mt. Seddon and immediately south of the 
Hurunui. In the last-named locality the heiglit of the terrace on 
the south bank of the river near the bridge is 300 ft , but it becomes 
higher when traced southward to the Blyth, where, however, its inner 
edge is not well defined. 

f. At 500-550 ft, : Fragments of a platform cut in the gr(\> wackc 
of Mt. Seddon at nearly 550 ft. may be correlated with the maximum 
height (525 ft.) of the gravel-ridge south of the Hurunui Bridge. It 
is difficult to determine exactly the level of the standstill represented, 
but it lies within the limits of 500-550 ft 

g. At 650 ft,: Again on Mt. Seddon is a distinct bench cut in 
grey wa eke immediately above the Hurunui Bridge. Water-worn 
pebbles occur sparingly on its surface at 650 ft., but the origin of 
these is not certain. However, the occurrence of undoubted marine 
gravels at the summit of the hill strongly suggests that these too 
may have been beach-material, rather than river-shingle. 

h. At ^800 ft,: The Trig. Station (N) at the summit of Mt. 
Seddon stands at 784 ft. The surface is here thickly mantled with 
fine well-rounded pebbles and sands. That this is a beach-deposit 
may be accepted without any hesitation whatever, and it may be 
correlated with precisely similar material found above the Napenape 
cliffs at slightly over 800 ft. 

The foregoing summary presents briefly the facts relating to 
a very complete series of terraces, and in it the writer has referred 
only to those remnants which preserve some admissible evidence of 
beach origin. Henderson, however (1918, p. 174; 1924, p. 586), 
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refers to raised beaches at Gore Bay at 12 ft. and 80 ft. above present 
sea-level. 

The conditions in the immediate vicinity of the Gore Bay syn- 
cline where immensely thick gravels are exposed in steep cliffs now 
some distance from the shore, are precisely similar to those obtaining 
just south of the Hurunui. Accumulation of unusual quantities of 
debris in a sheltered bay at the base of such cliffs might be expected 
even on a sinking shoreline. It must be noted too that the Jed 
River is to some extent tidal, and that the waves are vigorously 
attacking the cliffs where the thick gravel-beds have disappeared 
from the southeasterly wing of the syncline. In these circumstances 
it docs not necessarily follow that the wide strand-plain in Gore 
Bay and extending to the northeast past the mouth of the Jed River 
is any indication at all of recent uplift. 

It is immediat(‘ly north of the mouth of the Jed that the 
terrace at approximately 80 ft. is developed. This has a flat surface 
oi' considerable extent and is separated sharply from the hills behind 
it by the deep channel of a stream which, rising near the summit 
of Mt. IVIaccoinnich has its lower course parallel to the present shore 
Iin(‘ — i.e., the stream (lo(*s not enter the sea directly but is tributary 
to the lower Jed. Tlie terrace has a distinct slope in accordance 
with the stream, and the sharp angular material with which it is 
thickly mantled is distinctly not beach-shingle. There is no marine 
j)latfoi*ni with which it may be correlated and it must be regarded 
as a purely allu\ial terrace, cut by the lateral swing of a stream 
which had de])Osited thick beds of angular debris at the foot of a 
steep slope. It docs not necessarily indicate a period of standstill 
at 80 ft. 

J. THE BLYTII RIVER TO AMBERLEY. 

Throughout this area the following succession of rocks is exposed 
in the stee]) cliffs of the coast : — 

a. Greywacke, in the cliffs at the mouth of the Blyth (south 
bank) — its last appearance on this coast. 

1). Sands. Yellow sulphur sands, greensands, etc. (Cretaceous 
lK‘ds). 

c. Amuri limestone, exposed in the cliffs at Napenape. In the 
south bluff at this point the top of the cliff is formed of the overlying 
gTcy marl, l)ut it is the limestone which forms the lower cliffs for 
some distance to the south. 

d. Grey marls, a greensandy facies characteristic of this locality. 

e. Arenaceous shelly limestone, passing up into brown sands, 
with hard calcareous bands (Mt, Brown beds), exposed on the 
coast immediately northeast of Stonyhurst. 

f. Grey marly sands, soft brown sands, with typical calcareous 
"cement stone concretions and bands, and occasional bands of 
shelly conglomerate. These comprise the Motunau sSl-ies, forming 
the basement rock of the Motunau Plain. They extent from Stony- 
hurst to a point some 3 miles south-west of the Motunau River. 

g. Mt. Brown beds, a repetition of (e). They extend from the 
south-western extremity of the Motunau Plain to near the north- 
easteiu base of Montserrat. 
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h. Grey marls. 

i. Amur! limestone. 

j. Sands (Cretaceous series). 


All these beds are exposed on 
the seaward face of an eroded 
dome to the north-east of Mont- 
serrat. 


k. Amuri limestone forms steep bluffs where the Montserrat 
ridge is eliffed by the sea. (Jobberns, 1926, p. 226). 


1. Marls. 

m. Mt. Brown bods. 

n. Motunau beds. 

0 . Mt. Brown beds. 


I These complete the succession of rocks 
exposed between the Montserrat ridge and 
I the Waipara River near Amberley. 


This remarkably regular alternation of beds within the Notocene 
series has an important bearing on the distribution of the fragments 
of raised shore-platforms. The greywacke no longer determines the 
inner edge of the raised platforms, its place being taken by limestones 
— ^i.e., the more resistant members of the Notocene series. Often the 
whole Notocene sequence is revealed in sections taken at right angles 
to the shorebne, and the harder limestones may stand out above 
the general level in simple homoclinal ridges forming the hills near 
the coast. The strike of the limestone shows a more or less regular 
variation imparting a gentle S shape to the outcrop. The general 
dip of the beds is south-easterly, at low angles where the limestone 
swings inland, but somewhat more steeply where it swings out to 
the present shorc'-line. A definite anticlinal donie-stimcture is 
developed immediately to the north-east of Montserrat, and the ridge 
forming the Napenape hills is a simple denuded anticline. In tliese 
areas raised shorc-i)latforms have a restricted development, but the 
intervening Motunau Plain with a structure dominantly synclinal, 
is perhaps the most remarkable feature of the north-east coast. 
Similarly, while an excellent record of former beach-levels is pre- 
served at Dovedale (Jobberns, 1926, pp. 22.1-26), similar continuous 
platforms are not found between there and the lower Waipara River, 
in an area where the J\Tt. Browm beds are folded into an anticlin*' 
over Bills Hill as shown in the maj) accompanying Speight’s descrip- 
tion of that locality (1912, p. 223). 

The. Napenape ITills: These comprise the anticlinal ridge above 
referred to, extending from the mouth of the Blyth to Stonyhurst. 
and attaining a maximum height of 1,100 ft. in Sail Rock. The 
general direction of the greywacke forming the core of the ridge is 
indicated by its appearance in the coastal cliffs at the Blyth and 
again on the Stonyhurst road some three miles from the .sea. The 
succession of beds exposed on the coast has been indicated above, and 
here they dip south-easterly at the moderate angles of 15-20 degrees. 
Above Napenape beach the summit of the ridge is formed of the 
Amuri limestone and on the inner face of the ridge it is seen to dip 
north-westerly. Speight and Wild (1918, p. 80) observed old shore- 
]>latforms bore with beach-gravels at an estimated height of 500 ft. 
Ilenderson (1924, p. 587) correlated this level with the surfae<’ of 
plateau like uplands” above Port Robinson, though the general 
level of the hill-tops in this locality is 800-850 ft. At this height 
the writer observed beds of well-rolled beach-shingle covering distinct 
benches cut in the limestone directlj' above Napenape beach. 



JoBBERNS. — Raised Beaches of N.E, Coast of South Island. 543 


Below the Napenape bluff a terrace with iiueveii surface and 
undefined inner edge stands at the 150-160 ft. level ending abruptly 
in limestone cliffs at the shore-line where there are several isolated 
stacks of the same rock. To the southwest the hills slope gently 
down to the Motunau Plain the inner edge of which is obscured by 
drift-material. South of this point the usual complete succession of 
wave-cut terraces is not well preserved, but a 350-400 ft. level is 
strikingly represented by the Motunau Plain. 

The Motunau Plain: This remnant of a formerly very much 
more extensive plain of marine denudation is some 12 miles long, 
and attains a maximum width of about 2 miles in the vicinity of the 
Motunau River, it having the shape of a thin segment of a large 
circle. About IJ miles off-shore at the river-mouth is an island, of 
5 acres in summit-area and unquestionably a remnant of a once larger 
plain (Speight, 1912, p. 224). Although this area had attracted the 
attention of Haast (1879, pp. 366-67), Hutton (1877, p. 54), McKay 
(1881, pp. 108-18; 1883, pp. 74-79), and Speight (1912, pp. 222-24), 
references to its physiography have hitherto been of a more or less 
casual nature, being included in observations made during the pro- 
gress of other work. The discovery of recent marine shells and 
moa-bones on or near its surface gave an indication of its age, but 
it may be noted here that a considerable variation in estimates of 
its height recorded by various observers has led to confusion in inter- 
pretation of the nature and extent of the recent elevation. It was 
largely on account of the difficulties arising out of interpretation 
of its surface-features that the present writer found it advisable to 
make a more extended investigation of shore-platforms in other 
localities. The Motunau Plain, however, is of such large extent, and 
has all the characteristics of a raised beach so well preserved, that 
it could well be taken as a type with which any similar shore-plat- 
forms in other parts of the world might be compared. 

Geological Structure: Sections through the complete series of 
Notocene beds exposed in the Motunau River and in Boundary Creek 
some* two miles to the north, show the Amuri limestone and the 
harder parts of the overlying Mt. Brown beds, standing out high 
above the weathered surface of the softer sands to form the hills 
immediately behind the plain. Except where the beds are puckered 
into minor folds at Boundary Creek and again just south of the 
Motunau River, their dip is uniformly south-easterly at low angles 
decreasing steadily seawards. The hills therefore are of the nature 
of simple homoclinal ridges, with broad depressions behind them 
eroded out of the softer underlying sands. Through these coastal 
hills both these streams have cut deep narrow gorges, to cross the 
elevated plain in narrow channels deeply incised in the younger 
Motunau beds. Excellent sections are thereby exposed; and as no 
complete record of these has hitherto been published, that along the 
Motunau is here described in some detail. The section through 
Boundary Creek shows a very similar succession of rocks except that 
here the Amuri limestone has thinned out somewhat (Speight and 
Jobberns, 1928), and thin beds of coal occur at the base of the 
series (McKay, 1881, p. 111). 
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Section along the Motunau Eiver Valley: For convenience of 
description these beds have been traced up the river from the mouth, 
and the sequence therefore is given in descending order. 

a. Motunau beds: Compact, grey, argillaceous, well-cemented 
sands are exposed in the base of cliffs just north of the right bank of 
the river at its mouth. These beds are richly fossiliferous, and 
accessible only at low tide. They pass down into thick bands of very 
hard conglomerate, chiefly composed of frajpnents of oyster-shells. 
Below these arc thick beds of friable yellowish sands exposed over 
a distance of nearly half a mile, where another band of very coarse 
shelly conglomerate forms a reef in the bed of tlie stream. Below 
this are yellowish sands passing down into soft sandy marls with 
hard cemented inclusions. These beds dip at about 12 S.S.E., the 
dip being a little flatter at the mouth of the river. 

h. Mt. Brown beds: The above beds pass down without any 
apparent break into yellow and brown sands with hard calcareous 
bands and concretions. The actual contact between the two sets of 
beds cannot be distinguished. The calcareous bands in the sands 
become somewhat coarser in texture upstream, and the sands pass 
down into thick beds of arenaceous limestone interstratified with 
loose brown calcareous sands. Abundant shell remains show on the 
weathered surface of the limestone. 

c. Marly greensands: 25 ft. thick. These are probably the local 
representative of the grey marls. 

d. Amuri limestone with nodular layer (Speight and Wild, 1918, 
p. 81) : The Amuri limestone forms a steep scarp above the river, 
and is traversed by a fault with a downthrow of some 80 ft. to 
the northwest. In the vicinity of the fault, extensive slipping has 
occurred, and the stream-bed is strera with large angular blocks 
of limestone. 

e. Shales and sands : These attain a considerable thiclcncss in the 
depression behind the limestone escarpment. They are incoherent 
yellow and grey sands, passing down into, 

f. Basal grits: In thin beds containing fragments of stems of 
Auraucarioxylon. 

g. (rreywacke: Fonning a low ridge in the north bank of the 
river at a distance of 3 miles from the sea. 

The marly greensands, limestone and underlj ing sands all di]> 
a little south of S.E. at 20°. The Motunau beds at the river mouth 
dip at not more than 10°-12°. McKay (1881, p. Ill) gives a section 
through Boundary (.h'cek showing an unconformity between his 
Pareora and Mt. Brown series. In Boundary Creek the beds above 
the marly greensand are puckered into a syncline near the old ford, 
and the contact between the greensands and the Mt. Brown beds 
has been described elsewhere (Speight and Jobbems, 1928), but there 
is no evidence of unconformity above this junction. The regularity 
with which the dip of the upper beds decreases towards the coast 
is a feature characteristic of the Motunau area. 

From the hills to the coastal cliffs, a distance of about 2^ miles, 
the planed edges of the Mt. Brown and Motunau beds are capped 
unconformably with gravels and fossilferous sands of recent origin. 
McKay (1881, p. 110) did not give much attention to these beds. 
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He stated, however, that the terrace-gravels gave no evidence of a 
marine origin. While it may be conceded that the beds capping the 
lower terraces within the stream-valleys are all of alluvial origin, 
marine deposits with scattered sliell remains extend right back to 
the base of the stripped dip-slopes of the Mt. Brown beds above the 
Motunau gorge, at a height of 360 ft. The nature of these surface- 
beds is revealed in a section through them where they attain a thick- 
ness of 50 ft., in a high cliff (250 ft.), to the south-west of the mouth 
of the Motunau River. Here the following beds are exposed (in 
ascending order) : — 

a. Sands, with greywacke pebbles. 

b. Similar sands, with small well-rounded greywacke pebbles. 

c. Limestone pebbles, flattened and of variable size, up to 4 in. 
in diameter. This bed has a variable thickness from 8 ft. to 20 ft. 

d. Loose friable sands with scattered greywacke and limestone 
pebbles. 

e. Clay, unstratified, unfossiliferous, not distinguishable from 
loess’’ deposits, up to 30 ft. in thickness near the bank of the river. 

f. Coarser beach-sands and pebbles with occasionally shell-frag- 
ments form a thin surface-veneer. 

At various points nearer the mouth of the river and in the steep 
banks of some of the streams, the sands lying immediately on the 
planed edges of the basement Motunau beds are richly fossiliferous. 
The writer collected specimens from the cliffs above Motunau beach 
at 130 ft., from the cliffs on the north bank of the river up to 150 ft., 
and from the banks of streams north of the river up to 200 ft., Mr. 
E. W. Bennett, lately of the Canterbury Museum, found from exam- 
ination of these that they were without exception recent species. 
Haast (1879, p. 367), and Hutton (1877, p. 54), noted the presence 
of these rich shell-beds, and McKay (1883, p. 74) excavated moa- 
bones from the surface deposits near Boundary (''reek. 

The Inner Edge of the Plain and the Old Sea Cliff: Although 
the inner edge of the plain is generally well defined, its surface is 
irregular, and pi'ecise lueasurement of tlie wave-levelled portion is 
a matter of some difficulty. Apart altogether from lack of uniformity 
of height due to irregular surface-accumulation at the base of the 
old cliff, a somewhat uneven eknation, probably due to warping, is 
obvious to the e>e. The following is a summary of heights recorded 
from various points at the inner edge of the plain. 

a. Remnants of platform in extreme south 400 ft. 

b. Other remnants in vicinity, of variable height 350 ft.-400 ft. 

c. Near the second stream south of Motunau River 400 ft. -450 ft. 

d. South bank of Motunau River, above gorge 350 ft. 

e. North bank of Motunau River, alwve gorge 360 ft. 

f. A series of sub-parallel hummocky ridges between the Motunau 

River and Boundary Creek, stand above the general level 
at varying heights, viz.: — (1) 400 ft., (2) 375 ft., (3) 360 
ft., (4) 390 ft., (5) 400 ft., (6) 410 ft., (7) 375 ft. 

g. Immediately to the north of Boundary Creek, near the Happy 

Valley homestead, the average of several observations is 475 
ft. In the middle of the plain a reservoir stands on a low 
hillock at 425 ft. It was from this locality that McKay 
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t^xeavated moa-bones from an unusually thick surface-cover 
of recent beds, and it is highly probable that excessive pro- 
gradation of the former shore-line was a factor in the 
raising of the inner surface of this part of the plain above 
the general level. 

h. North of Black Birch Creek near Stonyhurst, the iimer edge 
of the plain stands at approximately 400 ft., but here too 
it may be safely assumed that tho actual height of the wave- 
levellel platform was somewhat lower than this. 

As all this area near the Happy Valley homestead must have 
formed the head of a wide embayment of the former shore-line along- 
shore drift no doubt brought to it excessive quantities of waste and 
to these deposits were added the detritus from the subsequent grad- 
ing of the cliffs, advancing in*egiilarly in alluvial fans, and a certain 
amount of fine wind-blown sand. Unfortunately the only sections 
in which the nature of the deposits formed after retreat of the sea 
might be exposed arc in the steep banks of the streams, but in these 
the streams ha\e cut terraces of their own, and capped them with 
material of a fluvial nature. It is therefore impossible to determine 
exactly the height of the inner edge of the wave-levelled platform 
except at a few points, and it is equally impossible to determine 
what allowance is to be made for subsequent superficial deposit. 

The grading of the cliffs at the rear of the plain has been 
determined in a very simple manner by the dip of the limestones 
forming the coastal hills. It is in the Motunau beds and the upper 
less resistant portion of the Mt. Brown series that the greater part 
of the platform was cut, the harder limestones then determining the 
outline of the shore, as they will again if the present cycle of marine 
erosion proceeds without interruption of further uplift. The actual 
inner edge of the platform is seen in the hard arenaceous Mt. Brown 
limestone in the north bank of the river at the gorge, and the 
manner in which the steeper slope of the cliffs has been reduced to 
that of these harder bands in the tilted Mt. Brown beds is very 
clearly shown. Stream channels have been cut back headwards into 
the rocks of the graded cliffs, but only a few streams have cut gorges 
right through the hills. However, in spite of this dissection of the 
dip-slopes the general outline and regularity of the old cliffs are still 
well preserved, furnishing further evidence of the comparatively 
juvenile age of the plain. 

The Juvenile Drainage System: A peculiar surface of the 
Motunau Plain is a broad depression extending in a direction almost 
parallel to the present shore-line from a point near the Stonyhurst 
Road to the vicinity of the Motunau River which has cut its lower 
course across it. It is because of this depression that the coastal 
portion of the plain appears to be somewhat higher than the middle. 
It may represent a channel in the shore-platform eroded in the 
direction of prevailing currents in a manner similar to that which 
has formed between Motunau Island and the mainland. It seems 
more probable, however, that it is a channel of surface-drainage 
established shortly after the initial emergence of the platform. If 
this is so it implies that emergence was attended by warping result- 
ing in a somewhat greater elevation in the north, this being supported. 
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to some extent at least, by the manner in which the tributaries to 
the present stream almost without exception come in from that 
direction. Warping during uplift is also suggested by the fact that 
the Motunau River is tidal up to a point more than half a mile from 
its mouth, for it is difficult to imagine the capacity of this stream to 
erode its bed the necessary depth below high-water mark. Such 
warping, too, may account to some extent for the irregular nature 
of the inner edge of the platform as described above. 

A sudden renewal of uplift, this being very rapid, brought about 
an abrupt change in drainage to the present system of parallel juve- 
nile consequent streams, which have become deeply entrenched in the 
non-resistant basement-beds of the plain. Speight (1912, p. 224) 
describes briefly the character of these narrow gullies which dissect 
its surface, and by the precipitous nature of their walls make com- 
munication a matter of difficulty. Only those few which have cut 
gorges through the coastal hills are permanent in flow ; some scarcely 
extend to the inner edge of the plain, while others are merely ravine- 
like gaps cut in the face of the cliffs. 

One of the most remarkable of these smaller channels is the first 
to the south of the Motunau River, to which it was formerly a tribu- 
tary when the land was some 160 ft. lower than now. Sea-erosion at the 
head of a small embayment has cut its course in two, and subsequent 
elevation has caused it to cut down to present sea-le^el in a trench 
with almost perpendicular sides and a width of less than two yards 
in its bed. The profile of the upper part of this channel shows two 
sharply distinct stages of cutting and the following indicates its 


nature precisely: — 

Height of cliff at mouth .. 265 ft. 

Width in bed . . .. 3 ft. 

Width at top .. 66 ft. 

Slope of walls, upi)er portion (1st cut) ... 45° 

Slope of walls, lower portion (2nd cut) .... 75°-90° 


This shows that a very steep valley has been eroded within an 
older valley with more maturely graded walls. The head of this 
chaniu'l is in the surface of the plain scarcely a mile from the sea, 
so that the grade cannot be less than 300 ft. to the mile. The 
Motunau River has terraced its banks in at least three distinct stages, 
but the terraces arc not continuous downstream, and with them 
ledges due to intermittent lateral swing of the stream may be con- 
fused. 

Boundary Creek, too, shows the nature of these narrow channels 
of recent incision in a ver}^ striking manner. Though the bed of the 
stream is somewhat more than 150 ft. above high-water mark at a 
distance of less than two miles from the sea, and the velocity of the 
flooded stream therefore very great, it follows a remarkably winding 
course in its bed. In the almost vertical walls of the valley the dip 
and strike of the beds appear to change abruptly at every turn, the 
actual dip being uniformly south-easterly at a low angle throughout 
the lower part of its course. 

Despite the fact that in the surface of the plain evidence of 
pauses in the emergence process is not preserved, there is other 
evidence that the uplift by which the wave-levelled portion of the 
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inner edge of the platform was raised to its present height of 350-400' 
ft. was intermittent. A pause at 150-160 ft. is sufficiently clearly 
indicated, while another at 250 ft. can reasonably 1)0 assumed from 
its regular occurrence in neighbouring localities. However, the 
most valuable evidence afforded by this area is that of quite recent 
emergence, as indicated by the remarkable features of a very juvenile 
drainage-system. 

Marine Erosion and Motunau Island: Speight (1911, p. 224) 
states, This plain of marine denudation once extended much farther 
seaward, and the small island at Motuiiau is a remnant of it, its 
flat top showing a marked alignment of its surface with that of the 
coast-line opposite. How far this plain extended seaward it is 
impossible to say at present, but at the mouth of the Waipara the 
river terraces appear high above the present level of the water, and 
are terminated suddenly when they reach the edge of the old marine 
cliff which marks the edge of the coastal plain. 

Motunau Island appears to owe its preservation as a remnant of 
the plain entirely to the protection afforded to its base by a massive 
reef of conglomerate such as that exposed near the mouth of the 
river immediately opposite. It is situated IJ miles from the present 
shore, and the channel is not deep though the s.s. Ripple is reported 
to have passed through it at high tide dragging her anchor. This 
distance indicates a considerable rapidity of erosion of the non- 
resistant rocks at Motunau, there being further measurable evidence 
of its rate. In a landslip resulting from the earthquake of Christmas 
Day, 1922, an enormous mass of debris was piled up at the base of a 
bluff betwe(‘n the mouths of two stream channels. In a few months 
this had been completely removed by heavy seas, and some 3J years 
later the writer observed that the cliff-base itself had receded some 
18-20 ft. The late ilr. Byrch of Motunau Station informed the 
writer that he had observed erosion amounting to one chain in ten 
years, which would agree very well with that just noted. The pro- 
tective effect of the hard conglomerate in the base of the cliffs just 
north of the river-mouth is seen in the very distinct projection of 
the coast-line at that point, but immediately opposite the Motunau 
Station homestead the cliffs are receding rapidly in spite of some 
accumulation of drift material at their base. The manner in which 
the island became* isolated is indicated by a similar recession of the 
cliffs in the small bay south of the river, to the tidal portion of 
which the sea will ultimately cut its wa.^ and separate a block of 
considerable size from the mainland. 

There can be no doubt that the plain formerly extended far 
beyond the outer edge of Motunau Island, and that its emergence 
belongs to quite recent geological time. In view of the rapid i*atc 
of cliff -recession observable here, however, there seems no need to 
suppose that any agency other than normal marine erosion has been 
responsible for its reduction to its present size. This question, having 
an important bearing on the present outline of the north-cast coast, 
will be referred to subseciuently in this paper. 

Motunau Plain to Montserrat; In a previous paper (1926, pp. 
225-26) the writer referred to the very abrupt change in the strike 
of the limestone of the Montserrat range as it swings round almost 



JoBBERNS. — Raised Beaches of N,E. Coast of South Island. 549 

at right angles to continue through Vulcan Hill to the Motunau 
River. In the course of other work (Speight and Jobberns, 1928) 
the structure of a considerable portion of the adjacent oountry has 
been examined, and in the light of this further knowledge of the 
area it becomes more apparent how this abrupt change in direction 
of the limestone outcrop has had a profound effect on the topography 
of the coast. In the extreme south of the Motunau Plain the sandy 
marls typical of the locality pass down into Mt. Brown sands and 
limestones, and opposite the Mt. Vulcan homestead the underlying 
marls and Amuri limestone are exposed on the coast in a limited 
area which has suffered considerable disturbance and dislocation. 
Immediately behind the coastal ridge, of which the highest peak is 
Mt. Vulcan itself (Trig. P, 1,342 ft.), capped with a layer of Mt. 
Bi’own limestone dipping south-easterly at a low angle, is a broad 
valle> eroded in sands of Cretaceous age. These sands form the core 
ot‘ a denuded anticline which t(*rminates southwards at Montserrat, 
it being succeeded to the north-west by a corresponding syncline of 
which Montseri*at and Oldham Peak in the Mt. Cass Range form the 
two wings (Speight and Jobberns, loc. cit,). On the coast at the 
point where the strike of the Notoccne beds changes so abruptly is 
an immense landslip exposing the grey marly sands which hero lie 
immediately below the Amuri limestone. This area of slip represents 
a large dome-like structure, which has collapsed where the steeply- 
di])ping beds of limestone on its seaward face ha\e been completely 
broken through. Immediately to the south the Amuri limestone 
attains a great thickness in Montserrat (1,492 ft.) and forms steep 
white cliffs on the coast -line. The structure of the Dovedale area 
is dominantly synclinal and here are preserved remnants of at least 
three distinct shore-platforms at 650-700 ft., 350 ft., and 250 ft. 
(Jobberns, 1926). On the face of the Montserrat dome described 
above, evidence of shore-platforms is not well preserved though the 
writer noted beach-shingle at 360 ft. and level surfaces at about 
500 I't. In the broad floor of the valley eroded in the Mt. Vulcan 
anticline, a tributary of the Motunau River has carved a precipitous 
ravine nearly 150 ft. in de])th, indicating recent abrupt elevation of 
that amount. 

Mi)ntscrrat-Aml)eriey : The only addition the writer wishes to 
make to his published descrii^tion of the Dovedale area, is to note 
the effect of very recent faulting on the shore-platform knowm as 
Bobs Flat. Though the inner edge of this platform is uneven, it 
attains an average height of 350 ft., and it is upwards of half a 
mile in width. Its seaward edge is mnarkably straight, and it would 
a])peai‘ that it is succeeded at a lower level by a platform of verj 
irregular surface, ("lose examination of the surface marine beds of 
recent deposition shows that the platform has been traversed by a 
small and very recent fault with a downthrow amounting to approxi- 
mately 120 ft. The subsidence of the downthrow block is somewhat 
irregular, and accounts for the uneven surface of the lower ledge. 
The fault scarp, however, is remarkably uniform and scarcely dis- 
sected at any point. This is the only locality on the north east coast 
in which recent faulting can actually be seen to have affected shore- 
line topography, the area involved being very small. 
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Shore-platforms to the south of the Dovedale area have all been 
cut in the Mt. Brown beds, which form the coast from here to the 
Waipara Eiver. The writer has previously referred (1926) to 
terraces at 150-160 ft., and at 650-750 ft., and Speight (1912, p. 224) 
notes the existence of a remnant just north of the mouth of the Wai- 
para River at 250 ft. This corresponds in height with a fragment 
in the Dovedale area. It appears, then, that although the evidence 
is necessarily fragmentary and diseontinuous, terrace levels at 
approximately 150 ft., 250 ft., 350 ft, 500 ft., 650 ft., and 800 ft. 
persist throughout the whole length of the north-east coast from the 
White Bluffs near Blenheim to the mouth of the Waipara River, and 
at some points remnants of terraces at levels higher than 800 ft. 
are to be seen, though a good state of preservation of these is not to 
be expected. Remiianls at lower levels, up to about 50 ft., also 
occur discontinuously, but wherever seen they are found to have 
resulted from brief pauses within the later (150 ft.) emergence. 

The nature of the major structural features of the coastal country 
has been described in as much detail as has been considered neces- 
sary. The essential structural features of the lower Waipara area 
can be seen at once from the map accompanying Speight ^s descrip- 
tion of that locality (1911). Here the Mt. Brown beds are seen 
to form a simple anticline over Bills Hill succeeding the sjncline 
traversed by the road from the Waipara Railway Station to Dovedale. 
In North Canterbury, at least, it is very clearly seen that extensive 
shore-platforms are well preserved only at intervals on the coast, and 
that these represent the areas of which the structure is more oi’ less 
synclinal. The writer would suggest tentatively that this may arise 
from a simple dome- and basin-structure, into which the Notocene 
beds have been folded, and which determines their present distribu- 
tion on the coast — this structure being revealed where it is transected 
by the shore. No pretence is, however, made at completeness of 
treatment of coastal stratigraphy, which would demand far more time 
than the writer has been able to devote to the study. The remainder 
of the paper will be devoted to discussion of the possible effects of 
the emergent process on the Canterbury Plains and Banks Peninsula, 
and of certain theoretical questions which have necessarily arisen. 

Part 2. 

A. GAPS IN THE EVIDENCE OF CONTINUITY OF THE PLATFORMS, AND THE 
FAULT COAST HYPOTHESIS. 

While the main purport of the foregoing part of this paper is 
description of the coast with special reference to shift of the strand, 
it becomes necessary to discuss various matters relating to similar 
phenomena recorded from other parts of the world. A great deal 
of the literature relating to post-Tertiary geology in Europe and 
America has not been accessible to the writer, but most of the 
relevant material available in this country has been consulted, includ- 
ing the comprehensive summary and synthesis of modem geological 
opinion on Quaternary geology made by Osbom and Reeds (1922, 
pp. 411-90).* No attempt will be made at correlation of the heights 

♦See also symposium on *‘Le Stratigraphie du Quaternalre” in IS 
Session of Congrds geologlque international, 1922, pp. 1409 and on (1926). 
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of terraces occurring on this part of the coast with those in other 
New Zealand localities — ^this already having been done, as far as 
is at present possible, by Henderson (1924, pp. 580-99). Before 
anything thoroughly satisfactory may be done in this respect many 
of the earlier and more casual estimates of terrace-levels occurring 
throughout our literature will have to be revised in the field. The 
possibility of correlation with terrace-levels in other parts of the 
world will, however, have to be considered, and in the light of recent 
advances in the knowledge of Quaternary geology in Europe and 
America, certain tentative suggestions will be made relating to our 
later Tertiary and post-Tertiary stratigraphy. Before these various 
matters are considered it will be necessary to discuss the possible 
effects of the emergence on the physiography of the Canterbury 
Plains and Banks Peninsula. At this stage, too, it is desirable to 
explain that though the writer has now become convinced of the con- 
tinuity and uniformity of the process of emergence throughout the 
an*a extending from the White Bluffs to the Waipara River, there 
are certain gaps in the evidence which must not be overlooked. The 
absence of convincing evidence of high-level shore-platforms on por- 
tions of the coast, viz.: — a. Waipapa point to Maungamaumu Bay, 
and h, Kahautara River to Oaro Bay, has already been pointed out, 
these being two localities where the older rocks are exposed at the 
shore-line. With regard to the former, a well-defined cut platform 
at 10-15 ft. or more is almost continuous, and a platform cut at 
present sea-level is represented by extensive offshore reefs. These 
offshore reefs, too, are a feature of the Kahautara River-Oaro Baj 
coast, though here the cliffs are very fresh looking and mort^ precipi- 
tous and a raised platform is not distinct. 

Notwithstanding the unequivocal evidence of uplift preserved in 
the younger flanking rocks of the lower Clarence Valley, Kaikoura 
Peninsula, and Aniuri Bluff, and the complete accordance in ievel 
of the terraces of the two latter localities at least, the absence of 
corresponding higli-levcl terraces in the intenTiiing areas is very 
marked. It cannot be diie to any considerable extent to the resist- 
ance of the harder rocks to planing by the sea, because a succession 
of well-defined and extensive ledges has been cut in hard greywacke 
in other localities. Therefore it may perhaps be suggested that : — 

a The Lower Clarence, Kaikoura Peninsula, and Amuri Bluff 
areas have been elevated, while the intervening masses of older rock 
have remained stationary. 

Or h. The apparently unterraced blocks have subsided after a 
general uniform elevation. 

Or c. Post Kaikoura faulting with subsidence to complete sub- 
mergence of the seaward portions of two entirely distinct Wocks has 
drowned the evidence of any terracing that there may have been. 
Elevation on the landward side only of a coastal fault-line would 
have the same effect. 

It may be admitted that afiy of these explanations is possible 
but (a) and (6), implying such sharply differential vertical move- 
ment of adjacent earth blocks, are at least very unlikely, and are 
unsupported by any visible evidence from the field. In this connec- 
tion it is most important to recall that in the almost precisely similar 



552 


Transactions, 


Hawkswood Bluff-Gore Bay area, there are only small fragments of 
raised beaches more or less fortuitously preserved, but sufficient to 
prove definitely that the terraces of the Conway are to be correlated 
with those of the Hurunui, and that more or less uniform uplift was 
continuous from the Waipara River to Amuri Bluff. Further, the 
accordance in level of the terraces of Kaikoura Peninsula and the 
Amuri Bluff is so remarkable, that it becomes almost inconceivable 
that these places emerged to their present height by a movement 
which left the intervening coast unaffected, or that this latter block 
of older rocks was subjected to any subsidence which drowned a face 
terraced at corresponding levels. Admittedly there is evidence of 
disturbance by faulting at Oaro, but the Notoccne beds, involved in 
the syncline succeeding the Amuri Bluff anticline, lie against the 
Greywacke block and show no sign of the extensive dislocation such 
a differential movement would demand. 

There remains the alternative of the fault-coast hypf)thesis which 
has been put forward by Cotton (1916 A, pp. 20-47), but which on 
examination in the field is found to be unsatisfactory, in some 
respects. The present writer, however, being concerned with the 
liypotliesis only insofar as it may affect the continuity of the coastal 
platforms, does not propose to travei^se it in detail. 

South of Kaikoura Colton sees a '‘young one cycle Tault coast.’’ 
The conception of a huge cauldron-like subsidence ofc* the sea-floor 
seems to accord very well with the occurrence of deep water close 
inshore, and with the general ai^pearance of the cliffs on the coast, 
and an easy way out of the difficulty would be to suggest that such 
downward movement occurred late in (Quaternary time to an ext(uit 
sufficient to submerge any portion which may have been terraced in 
accordance with Kaikoura Peninsula and Amuri Bluff*. The present 
writer, however, has found no more tangible evidence* to suggest such 
extensive faulting later than the main Kaikoura orogeny, though it 
is well known that many of the Marlborough faults are still alive, 
and this orogeny may" pc'rhaps be considered to ))t* still in progress. 

For the establishment of an "hyj)Othesis of regional uplift 
following faulting,” north of Kaikoura, Cotton attaches considerable 
importance to the fact that tlie so ealled "Clarence Delta” was "built 
out upon the seaward block” — i.e., across the line of the hypothetical 
fault which had predetermined the line of the coast. This idea seems 
to have been based on a misconception of the structure of the "delta, 
and certainly on a misconception of the age of its component gravel- 
beds. Three miles from the sea these gravels are involved in a great 
reversed fault which must belong to the Kaikoura orogeny, and if the 
marl-beds at Otu Kaku Point — i.e., the extreme seaward point of 
the northern half of the "delta” — are equivalent in age to the 
"greymarls” of Deadmans Oeek, then the gravels of the "delta” 
may be regarded as equivalent in age to the Great Marlborough 
Conglomerate. 

Further, any such fault-coast hypothesis is faced with the 
problem of explaining the existence of the Kaikoura Peninsula in 
its present position ; but since here the regional uplift is eonsid(*red 
to have post-dated the faulting, the question of the possible removal 
of terraces does not arise. Cotton met the difficulty by supposing 
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that the subsidence of the seaward block has been differential and 
that it stopped short of Kaikoura Peninsula. Whether this was the 
case or not, there is a close accordance in level between the terraced 
summit of the Peninsula and remnants of shore-platforms and river- 
terraces in the Clarence-Kekerangu area. On this part of the coast, 
too, it does not seem reasonable to suppose that these areas emerged 
as the result of an uplift which left the intervening gre 3 rwacke block 
unaffected. This participated at least in the most recent stage of the 
emergence. 

While discussing the fault-coast hypothesis, however, it may be 
remarked that Cotton appears unable to credit the capacity of the 
sea to erode the coast until only fragments of shore-platforms and 
river-terraces (at 500 ft.) remain. The rate of erosion is measurable 
at Motunau, and must have been prodigious at Kaikoura, as also on 
almost th(‘ entire length of the coast, where offshore reefs arc widely 
distributed and extend far out to sea. Taking into consideration the 
generally non-resistant nature of the rocks concerned, and the strong 
probability that the shore was similarly cliffed by erosion when the 
general level of the land was considerably higher than now, this 
difficulty is largely removed. 

lie suggests further that the transection of the harder and softer 
rocks by the present straight shore-line is strong evidence in favour 
of the hypothesis; but it will most probably be found that this 
alternation of harder and softer rocks is a sim])le structural feature 
of the coast, and that while the major platforms cut in the softer 
rocks in ancient embayments have generally been r(‘duced to frag- 
ments, those of much lesser extent cut in tlie protruding faces of 
the harder rocks have been removed completely. At a time when 
the land was some 500 ft. lower than now, the shore-line w^as gently 
sinuous with quite |:)ronounced salients of harder rock, as it will be 
again if <*i*osion at present sea-level i)roceeds without interruption. 


B. tut: cvxterbury plains. 

The general nature and (‘ssemtial structural features of tliese 
])lains have been >surveyed elsewhere (Jobberns, 1927, pp. 88-96). 
Ill that brief summary the writer put forward the views of ITaast 
(1863, pp. 1-63, 1879, jip. 396-406) and further elaborated bv Speight 
(1908, pp. 16-43; 1911 A, pp. 420-436; 1911B, pp. 408-20; 1917B, pp. 
361-364; 1926B, pp. 363-368), views which will be somewhat modified 
in this paper. Hutton (1884, pp. 449-54; 1877, pp. 56-58; 1905, pp. 
465-72) maintained always that the present surface of the plains was 
produced by the levelling of the sea — but novrhere, except on their 
extreme outer margin is there any visible tan^ble sign of a former 
strand-line. All the gravels exposed in the high terraced banks of 
the upper valleys of the large rivers like the Waimakariri, Bakaia, 
Ashburton, and Rangitata appear to be entirely alluvial in origin, and 
the succession of wide arched ridges and corresponding depressions 
typical of alluvial fan-structure is complete. It is a structural feature 
that an accurate contour-survey of the surface would only show more 
clearly. Speight, too (1908), gives an extremely lucid and apparently 
Altogether satisfactory account of the terraces so well developed in 
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the major rivers, stating that they are entirely due to the terracing 
of alluvial fans when decrease in the supply of waste to the rivers 
enlarged their capacity to cut. 

In spite of this, however, it is inconceivable to the present writer 
that the movement of emergence so distinct, continuous, and equable 
extending from White Bluffs to the Waipara River, ended abruptly 
near the northern edge of the Canterbury Plains. Hutton’s opinion 
will therefore have to be reviewed, but it is equally inconceivable 
that the present surface features of the plains — ^i.e., the perfectly 
regular succession of alluvial fans with corresponding inter-fan 
depressions — ^were produced by the waves of the sea. Mr. H. W. 
Harris, Resident Engineer to the Waimakariri River Trust, recently 
called the writer’s attention to abnormal accumulation of shingle in 
the bed of the Waimakariri immediately below White’s Bridge, at 
a point where the grade of the river is not more than two feet per 
mile, and where hitherto sand was the only deposit in the bed of the 
stream. The shingle-advance, dating from a moderate flood of 1926, 
has piled up a large bank of material across the river — material con- 
taining pebbles up to 4 inches in diameter. In the immediate neigh- 
bourhood is a deposit of small well-rolled pebbles of beaeh-shingle 
with shells, situated some 4 miles from the shore and at a height of 
8 feet above sea-level. Therefore on the narrow coastal strip frin^ng 
the plain, where the grade is only about 2 feet per mile over a width 
of -1 miles, coarse shingle can now be seen advancing downstream, 
and it can be imagined that this might in the course of time com- 
I)letely obliterate the fragmentary traces of a former strand-line 
preserved here. Conditions are not quite the same, however, as they 
must have been formerly, for since the joining on of Banks Peninsula 
to the mainland with the consequent deflection of the powerful 
norther) \ current round the Peninsula, » progradation by the sea has 
greatly increased the width of the fringing plain in this locality. 

Wliether the present abnormal drift of shingle downstream is 
due to increased supply from the mountains or to lateral cutting of 
the terraced gravel-banks in the higher plains may be a matter of 
dispute, but it is unimportant here. The capacity o? the river to 
obliterate traces of the sea is demonstrable, and it becomes reasonable 
to assume that although no part of the present surface of the higher 
plains was ever washed b} the sea, and all the gravel exposed in the 
terraced banks 400 ft. high (where the plain surface is about 1,000 
ft. ) may be entirely alluvial, the gravel under-structure of the plains 
emerged from the sea in harmony with the coast to the northward. 
Tlie emergence itself would entail vast increase in the supply of waste 
to the already overloaded streams, and the advancing fans may never 
have been cliffed to any extent if at all. 

The thickness of the gravels comprising the plains is immense, 
nearly 2,000 ft. being penetrated by the Chertsey bore without 
contact with the underlying solid rock. Chertsey, however, is some 
380 ft. above sea-level at a distance of 12 miles from the shore, and 
it is hero that the alluvial fan-structure is most clearly shown — the 
enormous fan of the combined Rakaia-Ashburton being transected 
by the shore-line in steep cliffs upwards of 100 ft. in height. Hender- 
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son, however, notes (1922, p. 12; 1924, p. 593) that below 1,500 ft. 
of gravels are oxidized sands and clays to 1,800 ft. below sea-level, 
quoting tMs as evidence of depression. That the land was depressed 
far below a former level is indicated by the topography of Banfe 
Peninsula, but its re-emergence must have been more or less in 
harmony with that of the rest of the coast to the north. 

The writer has made no examination of the terraces of. the major 
Canterbury rivers and therefore does not know whether there is any 
close correlation to be made between them and the raised shore- 
platforms. That they appear to be cut in entirely fluvial material 
need not affect the general conception of the re-emergence of the 
plains in stages corresponding to those recorded from the immediately 
adjacent north-east coast. 

Extending from the mouth of the Waipara River to the neigii- 
bourhood of Saltwater Creek is a marine terrace at a comparatively 
low height, already described b}' Speight (1912, p. 222, and map 
p. 22S), and Jobbems (1926, p. 226). Its undulating surface, covered 
with sand dunes in the south, ranges in height from scarcely above 
sea-level in certain swampy areas to about 30-35 ft. near the base of 
the low cliffs behind it. To estimate the amount of Recent uplift 
it actually represents is exceedingly difficult, for much of it is no 
doubt due to simple progradation arising from alongshore drift of 
alluvial sand and shingle from the Ashley, Kowhai, and Waipara 
Rivers. The writer, however, recently excavated the semi-fossilized 
base of a skull of a large whale from the bed of the Kowhai River 
some two miles from the sea near the base of the cliffs, at an 
estimated height of 20 ft. above present high-water mark. The low 
cliffs disappear to the southward near Saltwater Creek, but this 
does not necessarily indicate decrease in amount of recent emergence 
in that direction; for as Daly (1920, p. 250) remarks, ‘‘along young 
coastal plains, sea cliffing might not have taken place systematically 
at all.’^ As noted above, undoubted marine grits occur near Whites 
Bridge at the Waimakariri, as they do also just north of Kaiapoi 
near the Main North Road, being in both places about 8 ft. above 
sea-level. It must be observed, however, that both the Waimakariri 
and Saltwater Creek are tidal streams. The former was probably 
capable of eroding its bed in the lowland fringing the shore, some- 
what below high-water mark, this being less likely in the case of the 
latter. Saltwater Creek has silted up considerably in recent years, 
but this may perhaps have attended settlement and cultivation of 
the land. The amount of recent emergence becomes definitely measur- 
able again at Redcliffs and Sumner, where it amounts to 15 ft. 
above high-water mark. To say that a raised strand-plain extended 
from the mouth of the Waipara River to Sumner is perfectly reason- 
able, Imt whether its emergence was uniform cannot be known. The 
nature of the lower courses of the Waimakariri and Saltwater Creek 
suggest irregularity, 

C. BANKS FKNINSLUA. 

The recent emergence of 15-20 ft. referred to above did much 
to complete the joining on of Banks Peninsula to the mainland. 

LL 
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Haast (1863, pp, 49, 52; 1879, p. 367) recorded evidence of raised 
beaches at Sumner, and on the south side of the Peninsula, and the 
writer has noted caves with finely stratified clay up to 15 ft. at 
McCormick Bay, caves with shells embedded in stratified clay at the 
north end of Sumner township, and at Monck Cave in Redeliffs; 
and caves at the base of cliffs now far removed from the sea and 
definitely, above high-water mark in many other parts of Redeliffs 
and Sumner. The wide plain on which Redeliffs township is built, 
and the plain filling Sumner Valley, however, were no doubt formed 
largely of sand drifting down with the current from the Waimakariri, 
and the extent or present surface-height of these is by no means 
necessarily a measure of recent elevation of the land. This prograda- 
tion combined with a slight elevation of the land effected the filling 
in of a shallow sea and the junction of Banks Peninsula to the main- 
land quite late in Quaternary time. 

The present topography of Banks Peninsula indicates enormous 
dissection of the land when deep valleys w^ere cut in the resistant 
volcanic rock in all parts except on the immaturely dissected slopes 
of Mt. Herbert. The land must formerly have stood at a much 
higher level, the evidence for which has been summarized by Speight 
(1917 A, pp. 385-7). Drowning of the river-valleys and submergence 
of the calderas of Lyttelton and Akaroa resulted from subsequent 
depression. For the reasons here stated, the present writer believes 
that this depression was to a level at least some 800 ft. lower than 
now, and that subsequent emergence has only partially restored the 
land to its former level. 

a. From Table Mountain at the head of Charteris Bay, a narrow 
tongue of land terminating in Potts Peninsula runs out into L\ttelton 
Harbour. This shows a succession of rocks from the basal sand- 
stones through several types of rhyolite to the fine grained basalt of 
Mt. Herbert. The inner edge of this is an almost i)erfectly flat 
surfa(‘e of considerable summit-area, rising gently to the steeply 
cliff ed face of Table Mountain. This level surface at about 800 ft. 
is perfectly accordant in level with similar flat surfaces on either 
side of Gebbie Pass, by which Lyttelton Harbour is now separated 
from Lake Ellesmere. Though apparently complete absence of 
ordinary beach-material from these levels must be admitted, no other 
explanation seems possible than to assume that they represent 
remnants of a wave-cut surface formed at a time when the sea 
divided the island into two separate parts. When Gebbie Pass was 
submerged the northerly currents would sweep through here, and 
it is most improbable that any water-worn pebbles of the constituent 
rock of the island would be retained on the cut platform. 

b. The foreland on which the Godley Head Lighthouse is situated 
has an almost perfectly levelled surface rising gently inland from 
4o0 ft. to 475 ft. or a little higher. Speight (1908, p. 32) has pre- 
viously referred to this as a surface possibly produced by marine 
erosion. It may be suggested that the absence of a definite cliff 
behind it is an objection to this view of its origin, but the erosion 
of gently-sloping flows of lava over a comparatively short period 
might not necessarily result in cliffing. For the same reason it is 
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somewhat difficult to estimate the exact level of a period of standstill 
in which it was produced. It was probably of 475-500 ft. Levelled 
spurs of accordant height are seen on the opposite side of the harbour 
entrance at Port Levy. 

In accordance with this level are several large caves at a height 
of about 500 ft. above the sea in the head of the valley above the 
RedclifFs Rifle Range. One of these is very large, and one is definitely 
an ancient blowhole. On the floors of all are a])undant shell -remains, 
but these serve only as evidence of former Maori occupation of them. 

c. Scarborough, above Sumner Head or Whitewash Head, is a 
similarly-levelled spur standing at the lower level of 350 ft. Its sur- 
face is remarkably uniform, and there can be little reasonable doubt 
that the gtmeral regular emergence of the coast extended to this 
point as well. It should be noted, too, that the majority of the 
spur-ends between Port Levy and Long Ijookout Point are definitely 
flattened at about this level. 

It has prevously been suggested (Speight, loc. cit.) that certain 
of thest" levelled spur-ends may be admissible evidence of former 
submergence of the land to their level, but the writer cannot but 
believe that they correspond more or less completely to the shore- 
])latfornis from other parts of the coast, and that a thorough examina- 
tion of the Peninsula and correlation of the levels from different 
localities will prove this beyond dembt. 

D. A CORRELATION WITH SOUTH EUROPEAN PLATFORMS. 

(Converting the heights of marine terraces recorded from Western 
Mediterranean coasts by de Lamothe and quoted by Osborn and 
Ret'ds (1922, p. 423) into feet, for the purx>ose of comparison with 
those determined on the north-east coast of the South Island by the 
present writer, we have the table of comparison given herein. The 
writer desires to point out, howe\(‘r, that it was not until some time 
after most of the field-work for this paper was completed that any 
possibility of close correlation with the terraces of Europe or else- 
where was considered, and that thcrefoix' no attemxfl has been made 
in the field to sec how far the heights of the European terraces 
apply to thoje of New Zealand. The results of the writer^s investi- 
gations were arrived at quite independently, and all that is now 
l)eing done is to set them out for comparison with the levels recorded 
by de Lamothe. Also, while the heights of the terraces have been 
defined within comparison narrow limits by de Lamothe, this has 
been impossible with the methods employed by the present writer. 
For this paper, the measurement of heights lower than 50 ft. has 
been made from normal high-water mark with the Abney level, 
while for greater heights the measurements recorded are all baro- 
metric. Two Aneroid barometers were used, these having been 
adjusted to the standard barometer in the (^hristchurch Observatory 
over a conriderable period. Since inaccuracies 'may 'arise with the 
most careful use of the barometer, and since it has generally been 
found difficult to determine exactly the position of the inner edge 
of the wave-levelled portion of terraces, the writer has often not 
defined their heights locally within 50 ft. or so. With this explaua- 
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tion, a table of comparison with Western Mediterranean levels is 
given below. 


New Zealand (South Island). 
(Jobbems). 


Mediterranean, 
(de Lamothe). 


a. 40- 60 ft. 
h. 120-150 ft. 
e. 230-250 ft. 
d. 830-880 ft. 

0. 600-625 ft. 

/. 660-700 ft. 
g. 800-900 ft 
h 1000-1200 ft, 
(estimated) 


Fleistooene 

or 

Quaternary 


Pliocene ? 


{ 60-66 ft. (Monastirian Stage). 
92-98 ft. (Tyrrhenian Stage). 
181-198 ft. (Milazzian Stage). 
295-828 ft. (Sicilian Stage). 

/ 486 ft. 

670 ft. 

. 870 ft. 

1076 ft. 


In the section of the New Zealand coast under discussion the 
highest level (h) is represented by the even sky-line of the suniinit 
of the Vernon Range (Cotton, 1914, Fig. 3, p. 288) and by the 
higher terraces in the Hawkswood area. If this even sky-line is 
shown to be the result of wave-levelling, then 1,000-1,200 ft. is only 
a rough estimate of the level of standstill represented. Apart from 
this, however, the correspondence in the number of sufficiently well- 
defined stages in the emergence of this part of the New Zealand 
coast with those recognized in the Western Mediterranean is exact. 
There is also a fairly close accordance in the heights of \]w terraces 
representing each stage, an accordance, however, which will i>robably 
not prove to be much more exact from the xihv of moj’e precise 
methods of measurement. It is the definition of the inner margins 
of the terrace-fragments to be measured whicli pi'csents the great(‘r 
difficulty in accurate observation of this New Zealand coast. Further- 
more, the variation in height can be shown to be due, to some extent 
at least, to local irregularity of uplift. So even with the most precise 
methods of measurement of heights, they cannot be defined within 
the narrow limits assigned to those of Europe, and if their uplift 
is not simply eustatic this is not to be expected. 


E. A CORRELATION WITH SOUTH AMERICAN PL\TFORMS. 

A remarkable parallel to the later emergenc(‘ of New^ Zealind 
is to be found in Darwin's account of the geolog}^ of South America 
written nearly a century ago. From his investigation of both the 
eastern and western shores of the continent he found abundant 
material which bears a close resemblance to that just described from 
this comparatively small section of the New Zealand coast. With a 
minimum of speculation as to probable cause, he records the traces 
of the emergence in precise measurement of the present heights of 
former beach-levels extending through several degrees of latitude, 
and though the area examined by the present writer comprises some 
2i degrees of latitude only, the number of pauses in the elevatory 
process and the present heights of the corresponding terrace remnants 
agree very closely with the data collected by Darwin within approxi- 
mately similar latitudes on the other side of the Pacific. 

His stated object in recording precisely the elevation of the 
terraces, the marine origin of which was generally indicated unequi- 
vocally by the abundance of Recent shells in surface denosits was, 
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“ To show the remarkable equability of the recent elevatory move- 
ment.” He notes, further, “The extension of the 330-350 ft. plain 
is very striking, being found over a space of 500 geogi'aphical miles 
in a north and south line.” Then follows a summary of terraces 
occurring at this level, extending from the Gallegos River to New 
Bay — i.e., throughout latitudes 43° S. to 52° S. There is a similar 
record of terraces within the 200-300 ft. limit (generally 250 ft. 
where measured height is recorded), ranging from Coy Inlet to 
Bahia Blanca — i.e., through latitudes 39° S. to 51° S. “ The 
extension moreover of the 560 to 580 and of the 80 to 100 ft. plain 
is remarkable, though somewhat less obvious than in the former cases. 
Bearing in mind that I have not picked these measurements out of 
a series, but have used all those which represented the edges of plains 
I think it scarcely possible that these coincidence in height should 
be accidental. We must therefore conclude that the action, whatever 
it may have been, by which these plains have been modelled into their 
present forms, has been singularly uniform.” 

He records, too, a plain at 840 ft. at the mouth of the Santa 
Cruz, “extending horizontally far to the south.” “On the three 
lower ones, namely, those of 100 ft., 250 ft., and 350 ft. in height, 
existing littoral shells are abtmdantly strewed, either on the surface, 
or partially embedded in the superficial sandy earth. By whatever 
action these three lower plains have been modelled, so undoubtedly 
have all the higher ones, up to a height of 950 ft. at S. Julian and 
of 1,200 ft. (by estimation) along St. Georges Bay.” 

In order to avoid unduly lengthy reference to Darwin's account 
of the western coast of South America, the island of Chiloe may be 
taken as typical, it lying almost exactly within the same limits of 
latitude as the part of the New Zealand coast under discussion. 
Here he records quite recent elevation up to 10 ft., and immense 
shell-beds on a tableland at 350 ft. ^Vlso near Castro, “three distinct 
terraces arc seen; the lowest was estimated at about one hundred 
and fifty feet in height, and the highest at about five hundred feet, 
with the country irregularly rising behind it; obscure traces, also, 
of these same terraet's could be seen along other parts of the coast. ’ ’ 

Except that the terrace at 80-100 ft. developed on the eastern 
coast of South America is represented in our New Zealand area by 
one at 120-150 ft., the correspondence between the various levels 
is most extraordinary. It is, in fact, the most striking coincidence 
encountered by the present writer in the literature consulted on the 
subject, and there is an equally striking coincidence in the latitude 
of the areas involved. 

The table of correlation of terrace levels may therefore be 
extended as follows. In adition to the levels set out in it for com- 
parison, a terrace of Recent emergence and attaining a height of 
only a few feet has been recorded from all of these localities. It is 
a curious fact that such well-developed terraces in this extensive 
scries have been recorded from comparatively restricted areas, but 
in the absence of any definite statements that the series is not 
developed on coasts nearer to the equator, it can only be suggested 
that latitude is a factor determining their distribution. 
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New Zealand. 

( Jobberns) . 

South Europe. 

(de Lamothe). 

South America. 
(Darwin). 

0. 40— 60 ft. 

60— 66 ft. 

No record. 

6. 120—160 ft. 

92— 98 ft. 

80—100 ft. 

c. 230—250 ft. 

181—198 ft. 

200—250 ft. 

(f. 330—380 ft. 

296—328 ft. 

330—350 ft. 

e. 600—526 ft. 

486 ft 

500—580 ft. 

/. 650—700 ft. 

670 ft. 

No record. 

g, 800—900 ft. 

870 ft. 

840 ft 

n, 1000-1200 ft. 

1075 ft 

950 ft. 

(estimated). 


1200 ft. 
(estimated). 


[Since this paper wont to the printer, the writer has received, by 
the courtesy of Dr. A. V. Krige, a copy of his paper on changes of 
sea-level in South Africa (1927), a review of which appeared in the 
Geological Magazine of May 1928. Much of Krige 's paper is con- 
cerned with the recording of data relative to the last stage in the 
process of emergence — Le. the 20 ft. beach which is found over a 
wide area in South Africa. He has also abundant evidence of the 
existence of a beach sCt 50-60 ft., but he has not defined the heights 
of the higher terraces noted within narrower limits than 100 ft. or 
so, and his paper therefore does not indicate whether there is enough 
evidence in South Africa for a correlation of the upper terraces with 
those of New Zealand, South America, and Europe — a correlation 
which might have been expected if they are really a function of 
latitude as has been suggested by the present writer. It is important 
to note, however, that Krige sees evidence of depression (submerged 
river- valleys) existing side by side with evidence of elevation. He 
also records the existence of submerged ledges on the Agulhas Bank 
in an area where the 20 ft. and the 50-60 ft. raised beaches, at least, 
are strikingly developed. All this suggests strongly tliat in South 
Africa as in New Zealand the level of the land was probably consider- 
ably higher than now, but there does not yet seem to be available 
anywhere sufficient evidence to assign a cause to the vertical move- 
ments of the shore-line which seem to have been remarkably regular 
in widely separated localities. 

Krige follows Daly in offering a simple eustatic explanation of 
the emergence of the lower terraces, particularly the 20 ft. beach. 
There may indeed have been a eustatic negative shift of sea-level 
world-wide in its effects, but it is only the last visible incident in a 
series of changes which the eustatic hypothesis in itself seems not 
competent to explain. The withdrawal of sea-water to form the 
Pleistocene ice of the higher latitudes might conceivably result in the 
exposure of a terraced Agulhas Bank which would be drowned again 
on the return of the water to the sea. But this certainly does not 
and can not explain the existence of raised beaches in Europe, South 
America, and New Zealand, for if so, these should not form a regular 
suite extending to hundreds of feet above the present shore-line, but 
should be in the position of the s);ibmarine ledges of the Agulhas 
Bank, submerged by the return to the sea of the water from the 
melting of the Pleistocene ice-caps. 
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Where evidence of depression exists side by side with evidence 
of elevation, the differential vertical movement of adjacent earth- 
blocks at once suggests itself as an explanation (as in the case of the 
downthrown block of the Marlborough Sounds), but there may, 
after all, be no necessity to suppose this to be always the case. 
Eustatic movements of ocean-level resulting from the loading of the 
Polar re^ons with ice might expose terraced shores only to drown 
them again as the ice melted. Therefore the level of the land in the 
areas exhibiting the higher shore-terraces must also ha\e changed, 
quite apart from these eustatic fluctuations of sea-level, and it is 
possible that this too may have been connected with the excessive 
loading of the higher latitudes in Pleistocene times. In this connec- 
tion two simple hypotheses suggest themselves, though there is at 
present little enough evidence to justify them. 

a. The loading of the Polar regions with Pleistocene ice, in 
addition to causing a temporary world-wide lowering of sea-level may 
have resulted in a general depression of the areas ^ected, a depres- 
sion from which these areas have as yet only partially recovered. 
It would therefore be quite reasonable to expect certain areas to 
show evidence of this depression as well as the more obvious evidence 
of a later elevation. 

b. Enormous accumulation of Pleistocene ice about the Poles 
might conceivably have resulted in such depression of the Polar 
regions as would cause actual elevation of certain latitudes — a dis- 
tortion from which the affected areas have been recovering by a gen- 
eral downward movement of land-level. 

Whatever form such regional movements, if any, may have taken 
in adjustment of the earth^s crust to loading and unloading of the 
Polar regions, it seems necessary to suppose some such movement in 
order to account for the suite of terraces recorded in this paper. Only 
the lowest members of the series of terraces can possibly be explained 
by abstraction of sea water to form the existing Polar caps, and any 
terraced coasts which may have been exposed during the periods of 
maximum Pleistocene glaciation .should now be submerged, if eustatic 
fluctuations of sea-level were the only effect of successive making and 
melting of Polar ice.J 

P. THE USE OF MARINE TERRACES IN DEFINITION OF THE LIMITS OF THE 
NEW ZEALAND PLEISTOCENE. 

Not the least interesting aspect of the correlation of terrace- 
development in New Zealand with that of Europe and South America 
is consideration of the evidence which may be afforded regarding the 
age of our younger sedimentary rocks. Our geological literature 
contains no very definite statement as to the limits of the Pleistocene 
formation or of the age of the Kaikoura orogeny which has had such 
a profound effect on the present physiography’^ of the country. The 
most comprehensive modern survey of the local Tertiary stratigraphy 
is that of Thomson (1916, pp. 28-40; 1917, pp. 397-413; 1919, pp. 
289-349; 1920, pp. 322-41S). We are here concerned only, however, 
with the beds assigned by him to the post-Notocene — i.e,, his Noto- 
pleistocene. He says (1917, p. 411), *‘As we have no evidence that 
the highest Notocene stage, the Castlecliflflan, corresponds exactly to 
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the youngest Pliocene rocks of the Old World, it is undesirable to 
use such a name as ‘Quaternary’ for the superficial rocks such as 
raised beach deposits, alluvial gravels and loess, of which all we know 
is that they are post-Castleeliffian, or even only that they are subse- 
quent to the main K^oura deformation affecting the area in which 
they occur. It is still more undesirable to attempt to distinguish 
between Pleistocene and Recent deposits in New Zealand, where the 
fossil mammalia on which these distinctions have been based are not 
found.” 

He says further (1920, p. 412), “The Greta transgression was 
brought to an end by earth movements which caused tilting of the 
marine Notocene roc^ in North Canterbury, and during the subse- 
quent erosion the terrestial Kowhai beds were deposited. Finally 
came the major block faulting of the Kaikoura orogenie movements, 
by which all the Notocene beds were warped or tilted and the 
Southern Alps and Kaikoura mountains came into existence as high 
ranges. The subsequent history comes into the Notopleistocene. ...” 

Speight (1919, p. 281) says, “Therefore all that can be definitely 
stated is that the Kowai series overlies undoubted upper Pliocene 
beds and must be of a later age, and is most probably Pliestocene. 
This must be earlier than. the gravels forming the Canterbury Plains, 
for these have suffered no deformation by folding movements, 
whereas the gravels of the Kowai series are at times folded somewhat 
acutely. They would therefore antedate the last period of glaciation 
to wliich the region had been subjected.” 

Marshall (1912, pp. 31-2; pp. 47-50) includes in the Pleistocene 
raised beaches up to 1,500 ft. (Preservation Inlet), the glacial 
moraines, peat swamps with moa bones, and gravel deposits up to 
1,0M ft. high (Moutere Hills), He states, too (p.50), “The early 
Pleistocene was a period of great elevation and it is at once suggested 
that this too was the period of ice advance.” 

Park (1910, pp. 182-250) includes in the Pleistocene the major 
glacial deposits of New Zealand and mentions raised beaches up to 
500 ft. He also (1911, pp. 520-4) includes gravel-deposits in Marl- 
borough which appear, however, to be of much greater age, and not 
necessarily of glacial origin. 

Henderson (1924, p. 580) says, “The land was at one time 1,000 
ft. or more higher than it now is, but later was depressed till the 
old strand line was submerged to 1,000 ft. or more below its present 
level. The deposits formed prior to and during this depression are 
here considered pf early Pleistocene, and those of the succeeding 
elevation of younger Pleiostocene age. . , . The deposits of the last 
mentioned (120 ft.) depression and subsequent elevation form the 
bulk of the Recent deposits of New Zealand.” That is, Henderson 
regards the whole series of terraces from 120 ft. up to 1,000 ft. as 
younger Pleistocene, post-dating the glacial deposits. 

Benson’s summary (1921) of the recent advances in New 
Zealand gwlogy indicates that little agreement exists as to the limits 
of the Pleistocene, and as to the age of the main Kaikoura orogeny 
(pp. 63-73), His suggestion (p, 66) that the Great Marlborough 
^nglomerate might popbly be correlated with the Kowai gravels 
described by Speight will be discussed in a subsequent paper. 
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From the foregoing summary of modern authorit alive opinion 
on our later Tertiary and Quaternary geology it is seen that there 
is little agreement as to definition of the limits of the Pleistocene, 
and no satisfactory means of determining exactly what portion of the 
post-Tertiary deposits are to be regarded as Recent. 

In the Old World, however, remarkable advances in the study 
of Quaternary geology have been made within the last decade. The 
present position is stated in the concise summary of Osborn and 
Reeds (1922, pp. 470-2, and Fig. 13). One of the most notable 
features of this advance in European geology is the correlation of 
marine platforms with the time divisions of the Quateniary. It has 
been shown above that the correspondence in the number of stages 
of the emergence of this part of the New Zealand coast and that of 
southern Europe is exact, and the accordance in le^'el of the terraces 
quite remarkably close. It is most probable, therefore, that they 
must be more or less contemporaneous in both hemispheres, and if 
the validity of the use of marine terraces in time-division in Europe 
be sustained, then it may reasonably be applied in New Zealand. It 
must be remembered, however, that it is only this correspondence in 
sequence and level of terraces found on a comparatively small section 
of coast-line, which the writer has himself examined with considerable 
care, with those recorded by de Lamothe over a considerably greater 
area in Europe that is established in this paper. The validity of 
Deperet^s (1918-1921) methods of broader classification and correla- 
tion of glacial and marine features cannot be discussed with reference 
to any material available in this area. 

On the assumption, therefore, that the limits of the Pleistocene 
period in Europe are to be defined by the marine terraces ranging 
from the Sicilian Stage (90-100 metres) to the Monastirian Stage 
(18-20 metres), and that there is every probability that the similar 
terraces at corresponding levels in New Zealand are coincident in 
time, we would be provided with a more exact means of fixing the 
limits of the local Pleistocene. 

It has been pointed out above (Part 1) that gravels which may 
be correlated with the Kowai gravels of Speight and which ha^e 
hitherto been assigned to the Pleistocene have emerged in marine 
terraces up to 525 ft. On our present assumption as to the limits 
of the Pleistocene all these would then be regarded as Pliocene, and 
as they seem, too, to post-date the main Kaikoura orogeny, this 
deformational process would be of somewhat greater antiquitj^ than 
hitherto supposed. In the present state of our knowledge of the 
glacial* period in New Zealand, any attempt at correlation with marine 
terraces is impossible. New Zealand geologists are agreed as to the 
post-Tertiary age of our major glaciation, and Deperet includes 
practically the whole of the European glaciation within the Pleisto- 
cene, associating the Glaciation 1 (Scanian) with his terrace of 
100 metres. 

If, therefore, it can be established that the 350 ft. terrace is in 
New 2Iealand a measure of the lower limit of the Pleistocene, and 
established that the Kowai gravels (pre-glacial) are to be assigned 
to the Pliocene, then some advance is made towards a more definite 
knowledge of the age of our later Tertiary rocks. 
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Since the completion of this discussion of the division of Pleisto- 
cene time in New Zealand the writer has read Morgan paper (1926, 
pp. 273-282) on the same subject. Morgan (p. 277) appears to have 
foreseen the possibility of some attempt at correlation of the Pliesto- 
cene in the Southern and Northern Hemispheres being '‘based on a 
study of the ancient strand lines. He summarizes clearly the 
present state of our knowledge of Pleistocene glaciation as it 
affected New Zealand, but there is nothing in tJie paper incompatible 
with the suggestions tor precise division put forward by the present 
writer. Our knowledge of the glacial periods, locally, is still so 
far frgm complete as to render any attempt at their correlation with 
shift of sea-level quite imi)ossible. The validity of the present 
writer ^s suggestions must depend on the validity of Deperet’s cor- 
relations in Europe, and on the validity of regarding the marine 
terraces of both hemispheres as contemporaneous. 


G. THE EUSTATIC HYPOTHESIS. 


After collection of all the data with reference to marine terraces 
available in our New Zealand literature Henderson (1924, p. 591) 
states, “The above facts support the suggestion that New Zealand 
has moved in respect to sea-level during later Pleistocene and Recent 
times as a whole. Any differential movements between adjacent earth 
blocks that may have taken place during these periods must have 
been small, if compared to the plateau forming movements by which 
New Zealand has been uplifted as a unit. 

With reference to the “ Post Kaikoura Movements/^ Cotton 
(1916B, pp. 318-19) says, “It is important to note, however, that 
these latest movements generally have the effect, as far as any particu- 
lar district is conceimed, of “ regional ’’ as distinguished from differ- 
ential movement.s — of epeirogenic as distinguished from orogenic. 
In a broad sense, however, these movements really are differential, 
for the New Zealand region has not moved as a whole. Units of 
much larger size than the blocks associated with the Kaikoura move- 
ments have moved independently. ... It would seem that, though 
the Kaikoura movements may possibly be not quite extinct, they 
have very generally been succeeded, after a period of rest, by move- 
ments of the mysterious purely vertical kind which appear to have 
no connection with compression.^^ 

Many modern geologists believe that movements such as these 
are world-wide and are eustatic — ^the primary cause of marine trans- 
gression being the actual elevation of sea-level— and this view is 
supported by the great weight of the autliority of Suess (1906). 
A belief in the eustatic hypothesis is also the basis of Deperet's 
wrrelations of marine terraces with alluvial and glaeial features in 
Europe (1918-1921). The extent to which these views may be tested 
with reference to the coast-line surveyed by the present writer is 
limited, but the revelant facts which have come under his notice may 
be summarized thus: — 


1 1 **^ heights of the terraces ranging from sea- 

11 ^-. ^®T>i £ so be regarded as being continuous from the 
White Bluffs to the Waipara River. There is sufficient evidence that 
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the emergence affected Banks Peninsula to approximately the same 
extent. 

6. The inner edges of the terraces, when traced over several 
miles (Motunau Plain), are not regular in height. Uneven elevation 
attributable in some measure at least to warj)ing may amount to as 
much as 50-100 ft. 

c. In some cases the outer (coastal) margin of the terraces may 
be as much as 150-200 ft. higher than the inland portion of the 
surface. The effect is a regular concavity due to warping (Blji:h 
River). 

d. The strata forming the surface-cover of the fragments of 
marine terraces may have a pronounced tilt away from the shore. In 
one case at least (south bank of the Waiau-ua River) they show 
considerable disturbance. 

(?. The most recent movement in the neighbourhood of Cook 
Strait is known to have been differential, and to have been accom- 
panied by severe earthquake. In Cloudy Bay there seems to be 
a sharp line of division between a coast showing evidence suggesting 
recent uplift and one which is known definitely to have subsided in 
1855. This, however, may be a localized movement resulting from 
local crustal instability and not affecting materially the question of 
a more general emergence of a recent coastal plain. As to whether 
tlie Marlborough Sounds area is a '‘downthrown block in the sense 
that it has not participated to any extent in th(' general enu^rgence, 
the writer has no knowledge. Hutton (1900, p. 177) remarks that 
an elevation of 500 ft. would restore the land-connection between the 
North and the South Island. Banks Peninsula shows a similar 
drowned topography, and while there is evidence that it was once 
much higher than now, it has more recently been submerged to a 
depth much below its present level. 

The writer inclines to the bc'lief of Henderson (loc, cit,) that 
any differential movements between adjacent earth-blocks are small 
as compared with the widespread emergence. It would seem to be 
a matter of considerable importance to distinguish between the great 
block-displacements belonging to the older mountain-building move- 
ments (Kaikoura), and any feebler continuation of these into a 
more recent period of general emergence of the land. The applica- 
tion of the eustatic hypothesis in explanation of shift of sea-level 
amounting to, say, 300 ft. to 500 ft. has its obvious limitations. 
Also the correlation of oscillations of sea-level with advance and 
retreat of glacier-ice has never been attempted in New Zealand, 
though the idea that the initiation of the glaciation was associated 
with higher land than now has found frequent expression in our 
literature. The general conception seems to have been that altitude 
was a controlling factor (Hutton, 1900, pp. 173-8; Marshall, 1912, 
p. 50), and that the land-level sank under the load of tlie ice, tliis 
being a factor in its retreat. That an isostatic response to unloading 
on the melting of the ice has been a contributing cause of subsequent 
elevation of the land has only, so far as the writer is aware, been 
mentioned by Speight (1926C, p. 56) and it seems quite possible 
that this may offer an adequate explanation of the entrenchment 
of some of our rivers in the glaciated floors of their valleys. 
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The present writer cannot ima^ne that any simple eustatic 
hypothesis is adequate to explain a scries of terraces ranging between 
sea-level and 1,000 ft., even though the series be continuous over 
some hundreds of miles of coast-Hne. If, however, this complete 
series be shown to be of world-wide distribution, then some eustatic 
explanation must be sought; but if it is found that it is restricted 
to certain latitudes subjected to Pleistocene glaciation, then some 
measure of explanation may be found in isostatic adjustment to 
advance and retreat of ice-^eet (combined with the obvious effects 
of ice accumulation on the level of the sea itself), or in some regional 
deformation of the earth, the extent of which shows a more or less 
regular variation with latitude. It would appear that little advance 
towards solution of the problems presented may now be made, until 
the zealous exponent of the eustatic hypothesis will admit the capacity 
of diastrophism as at least a contributing factor. 

With regard to the lowest (Eecent) platform there is more 
definite evidence available locally. Daly, the author of the most 
comprehensive modern exposition of the eustatic theoiy (1915, pp. 
158-251) discusses also the significance of this Recent platform in 
many parts of the world (1920, pp. 246-61). W. B. Bright, however, 
points out (1920, pp. 382-4) that the lowest platform of the British 
Isles, elevated in late Neolithic time, has suffered considerable defor- 
mation due to warping. Such irregularity of uplift seems to be 
characteristic of the platform on the north-east coast of the South 
Island, there being considerable areas from which it is entirely 
absent and in which the shore-line is receding rapidly. The rocks 
exposed to wave-attack, however, show such a variation in hardness 
that caution is necessary in interpretation of the discontinuity of 
the platforms, but nevertheless there is sufficient evidence to show 
that while some parts of the coast have emerged, closely adjacent 
areas have experienced slight depression. The matter is rendered 
more complex by the difficulty of determining the extent to which 
the recent strand-plains of this coast have arisen from progradation. 
Cotton (1914A), discusses progradation as the major cause of the 
strand-plain which extends for some 40 miles north of the Clarence 
River, though there can be little doubt that this area experienced 
some uplift in harmony with the movement which exposed the rock- 
platforms and raised the floors of the caves in Halfmoon Bay a 
little to the south. While uplift in the latter locality may be con- 
servatively estimated at 10-15 ft. above high-water mark, it is accord- 
ing to Cotton, only 6-8 ft. above mean sea-level at the mouth of the 
Flaxboume River. With regard to many parts of the coast, however, 
the present writer has exercised caution in inferring any appreciable 
uplift at aU, where the features of the strand may be explained as 
arising from other causes. 

The wide plain near Amberley probably owes its existence to 
uplift, the effect of which has been accentuated by progradation, 
whereas the neighbouring Motunau coast shows definite evidence of 
slight subsidence, with rapid recession of the shore-line. Taken by 
itself this Recent discontinuous strand-plain seems to lend no support 
to the eustatic theory, but its occurrence in many localities in both 
islands of New Zealand is a very remarkable feature suggesting 
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more or less uniform withdrawal of the sea. The writer would 
expect, however, that uneven elevation due to warping is a fairly 
general cWacteristic of it. 

H. RELATION OP THE EMERGENCE TO THE KAIKOURA OROGENY. 

Cotton (1913B, 1914 A, 1914B) elaborates the views of McKay 
(1886, 1890 A, 1890B, 1892) regarding the orogoney of Eastern 
Marlborough, views which have received the support of Thomson 
(1917, 1919), but which have been challenged by Park (1921). 
These views have been accepted by Speight and have been applied 
by him in explanation of the major physiographies 1 features of 
North Canterbury (1915, 1926 A). The question has been summar- 
ized by Benson (1921), who assigns the orogeny to the Pleistocene. 

The writer has seen nothing in the course of his field-work in 
this area to lead to any material disagreement with the opinion of 
Thomson (1919, p. 295) as to the general sequence of the later 
Tertiary and post-Tertiary movements. These may be summarized 
briefly as follows: A sea-advance was accompanied by deposition of 
the Awatere beds (chiefly sandy marls), and this was followed by 
a slight general elevation. Then came the main Kaikoura orogenic 
movements by which the parallel chains of the Kaikouras were made, 
and this was succeeded by a lesser regional uplift (in which a suite 
of terraces emerged from the sea). 

These terraces, however, do not appear to have arisen simply 
as the result of further upward movement in renewal of the 
Kaikoura orogeny, and there may be no direct causal connection 
between them. While the heights of the terraces are more or loss 
uniform over a considerable length of coast-line, the elfects of the 
major orogeny may also be more or less uniform throughout the 
area, for it has not yet been shown that the extent of the block- 
faulting diminishes to the southward. Cotton’s statements regarding 
the origin of the Kaikoura Mountains require that vertical disiflace- 
ment due to faulting should amount to 10,000 ft. or more. If 
similar features in North Canterbury are to be explained in like 
mannc'r, the amount of displacement cannot be very much less than 
this. Tt is to be inferred that the maximum elevation of the land 
was attained at the culmination of the Kaikoura orogenic move- 
ments, but these appear to have been succeeded by a long period of 
erosion and subsidence. The lower members, at least, of the suite 
of marine terraces result from re-emergence. According to Hender- 
son (1924) there has been oscillation of sea-level, and it may be 
suggested here that the alternation of layers of vegetable material, 
and marine and terrestial gravels, sands and silts, revealed by deep- 
well boring near Christchurch (Speight, 1911 A, plates 9-14) may 
result from this. 

As has been noted above, Cotton (1916B) supposed the post- 
Kaikoura movements to be ‘‘of the mysterious purely vertical kind 
which appear to have no connexion with compression.'^ He states 
further (p. 319), “There is evidence of a long period of rest — 
during which a cycle of erosion reached an advanced stage — inter- 
vening between the two sets of movements." It would seem, there- 
fore, that our coastal terraces have no simple connection with 
renewal of movement in the field of the Kaikoura orogeny, and that 
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their close correlation in sequence and height with similar coastal 
features in such widely separated parts of the world as Southern 
Europe and South America strengthens this conclusion. 

1. CONCLUSION. 

The discussion of some of the questions raised in Part 2 of 
this paper is ])ased on certain hyi)otheses which may not be true. 
With regard to the continuity and approximate uniformity of the 
elevation of the north-east coast, the writer considers there can be 
little doubt. The remarkable correlation of the sequence and heights 
of the terraces in almost identical latitudes both in Europe and 
South America cannot veiy well be looked upon as a mere coinci- 
dence, and in this paper it is accepted as a simple fact. In the discus- 
sion of our later Tertiary and post Tertiary stratigraphy, however, the 
writer has merely set out the situation which would arise from 
acceptance of the contemporaneity of marine terraces in Europe and 
New Zealand, and the extension of Deperet’s use of marine terraces 
as criteria for definition and division of tlie European Pleistocene 
to New Zealand. 'V\niether they are contempoi’aneous and whether 
Deperet’s wider correlations in Europe are based on sound geology 
must be left to future investigation. It has been pointed out that 
the usual criteria for such division do not exist in New Zealand, 
and our ideas as to definition of Pleistocene time are not very clear. 

With regard to the review of Hutton’s opinions as to the origin 
of the Canterbury Plains, this is merely an attem])t to reconcile 
the idea that they must have emerged in harmony with the rest 
of the coast (which the writer finds it necessary to accept), with 
the fact that the existing surface features of the plains denote an 
alluvial origin. Since the writer has not examined the terraces of 
the major Canterbury rivers, no comment is made regarding the 
significance of these. 
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The Volcanic Deposits of Scinde Island. 

With Special Reference to the Pumice Bodies 
called Chalazoidifes. 

By J. AiiLAN Berry, M.S., F.R.C.S.(Ed.). 


[Read before the Hawke's Bay Phtlosophtcal Society, 20th August, 1926; 

received by Editor, 16th April, 1928; issued separately, 

2Srd November, 1928.^ 

Plates 68 , 69 , 70 . 

Scinde Island is situated on the East Coast of the North Island 
of New Zealand, and has a large part of the residential section of the 
town of Napier built upon its hills. The island is an irregular ellipse 
in shape, its longest axis measuring about 1.85 miles and running 
almost in a north*eastem and south-western direction. Its widest 
part, situated close to the north-eastern extremity, measures about 
three-quarters of a mile. At this extremity it reaches its greatest 
height of 330 ft. above sea level. Running through the length of the 
island is a central watershed from which valleys descend on either 
side. In many places it is bordered by cliffs, and there are numerous* 
quarries and cuttings which facilitate a study of its complicated 
geology. Although still called an island it is now in reality a penin- 
sula, since within recent times plains have formed between it and 
the mainland. These plains are largely due to the deposits of silt 
and shingle brought down by the Tukituki, Ngaruroro, and Tutac- 
kuri rivers. The island mainly consists of highly-fossiliferous lime- 
stones which may provisionally be regarded as of Mid-Pliocene age. 
At some time during this period or later it was raised above sea-level, 
and during late Pliocene or early Pleistocene times was subjected to 
extensive denudation, when it obtained very much its present con- 
tour. Deposited unconformably on these limestones are pumiceous 
clays and beds of pure volcanic ash. 

The volcanic deposits in Scinde Island may be classified as 
foflows : — 

(1) Mid-Pliocene 

(2) Pleistocene 

(a) Pumiceous clays and beds of volcanic ash of sub- 
aqueous deposition 

(b) Pumiceous clays and beds of volcanic ash of sub- 
aerial deposition 

(3) Recent. 


1. — ^Mid-Puocene. 

Layers of pumice were stated by McKay (1) to be interbedded 
with the limestones in the cliff known as the Bluff. This was denied 
by Hill (2). There is no doubt, however, that McKay is correct. 
About 30 ft. above the level of the road close to the breakwater is a 
stratum extending for some distance of pure pumiceous material. 
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It is about a foot in thickness; in its lower part it is of coarse tex- 
ture, and in its upper part it is extremely fine. Microscopical exam- 
ination demonstrates that the great bulk consists of rounded quartz 
grains — showing that it had been well washed about by the sea — and 
that volcanic glass and poiraibly magnetite are present. Other and 
more extensive but inaccessible beds are almost certainly of the same 
nature. 

Yet other beds of pure pumiceous material, according to Mr. 
Hill, were encountered in the blue clay which underlies Scinde 
Island during the course of an experimental boring for oil put down 
close to the breakwater, and this is in agreement with the fact that 
beds of pumice are found in corresponding deposits in the country 
adjoining Napier (3). 


2.— Pleistocene. 

Resting unconformably on the Napier limestones are pumiceous 
clays interbedded with layers of pure volcanic ash. 

(A) Beds of Sub-Aqueous Origin. For the formation of these 
beds it is necessary to assume that after the island had been elevated 
above^sca-level and the limestones denuded it was once more sub- 



a = Lower Napier limestones, 
b = Pumice deposit of sub-aqueous deposition, 
c r= Pumice deposit of sub-aerial deposition, 
d = Pumiceous clay containing greywacke pebbles, 
e = Pumiceous clays. 

merged and formed the floor of an almost currentless freshwater 
lake. Another but less likely possibility is that these beds represent 
an estuarine deposit. Pig. 1 is a diagramatic section of the cliffs on 
the south-eastern aspect of the island facing Hyderabad Road, includ- 
ing the brickyards of Morse & Robertson. Here there is a pocket of 
pumiceous material between 70 and 80 ft. in thickness. This is the 
deepest section that has yet been exposed, and probably the deepest 
that exists. 

The lowest layer of clay extends about twelve feet below the 
level of the present floor of the quarry, and contains a stratum of 
waterwom pebbles. Similar pebbles are found in a few 

other localities in Scinde Island, as in Northers quarry at the end of 
Faraday Street, where they occur in an unusual whitish clay; in 
Battery Point, and in Bums Road quarries. At Park Island, the 



Berry . — Volcanic Deposits of Scinde Islamd. 573 

nearest point on the old mainland to Scinde Island, the same stratum 
is present. To the left of the roadway leading to Quarantine 
Island near Petane there is a hillock with a considerable stratum of 
pebbles interbedded with the pumiceous clays. This particular 
-deposit appears to be of great importance since it probably represents 
part of the vast deposits of pumice which alternate with the shingles, 
<3lays, and lignite-beds, the typical section of which appears in the 
•cliffs forming the southern shore of Hawke Bay, and which Mr. Hill 
has called the Kidnappers section. This remarkable deposit is found 
over a great extent of country, and was brought about mainly by the 
action of fresh water. At Redcliffe, near Taradale and 6 miles from 
Napier, this deposit has pumiceous clays and volcanic ash, both of 
sub-aerial origin, resting unconformably upon it. Mr. Hill regards 
the Kidnapper section as of Pliocene age. It is certainly younger 
than the Napier limestones and may be classified as belonging most 
likely to the later Pliocene or to early Pleistocene times. 

Above this layer of pumiceous clay with its greywacke pebbles is 
.another layer of a chocolate-brown colour containing much organic 
matter — a point of some commercial importance since it is found that 
in the manufacture of bricks much less fuel is needed for material 
'Obtained from this layer than for that from other layers. On extract- 
ing with ether an oil was obtained, but its properties have not been 
determined. It seems most likely to be of vegetable origin. 

The next layer of interest above this is about 4 or 5 ft. in thick- 
ness. In its upper part there are a large number of dark globular 
bodies, which in the lower part of the layer are larger and more 
irregular, and are kiKnvn to the quarr>Tnen as ‘‘ironstone,’^ The sur- 
face of the small ones is often mammilated, and there is evidence of 
concentric lamination. These bodies also occur in the cliff above Sea 
View Terrace, in Havelock Road, and also at Park Island. 

The next succeeding layer to be considered consists almost entirely 
of pure volcanic ash. It is deeper in the middle of the “pocket’^ than 
at the sides, and averages about 10 feet in thickness. The lowest part 
consists of coarse rounded quartz grains, but the upper part is very 
much finer in texture, the appearance suggesting a sedimentary origin. 
Microscopical examination shows it to consist almost entirely of angu- 
lar fragments of quartz and felspar and glass laths. The rounded 
(juartz grains show that some of the material was sorted under water, 
but the presence of long thin laths of glass show that a certain amount 
of the material was not transported any distance. The deposit may 
have been due to pumice falling into fairly calm water, such as a 
lake, into which some sand was being brought; but the material is 
not what one would expect from a purely river-borne deposit. This 
same deposit occurs on the western side of Griffin’s quarry, and in the 
valley attains a maximum thickness of between 20 and 30 ft. 

Various other beds of clay having different colours, texturas, and 
properties for brickmaking occur before reaching the beds that are 
definitely of sub-aerial formation. It seems certain that the beds 
already described at one time formed a continuous sheet over the 
whole district, but that as a result of denudation only certain portions 
•of them remain in Scinde Island. 
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(B) Beds of Sub- Aerial Origin, These beds are present all over 
the island and accurately follow its contour. They are deeper in the 
valleys than on the hilltops, and although this would be expected from 
their method of formation it could not be definitely established that 
they were thicker on certain aspects than on others. This is perhaps 
explained by the fact that denudation was in progress during the rela- 
tively slow formation. They are stratified, and towards their up^r 
part are the layers of volcanic ash which it is proposed to describe 
later in some detail. These volcanic ash-layers, averaging about 3 ft. 
6 in. in depth, are sharply demarcated from the underlying clays, but 
above merge into the two or three feet of fine light-coloured clay below 
the surface-soil layer. There can be no doubt that all these clays were 
originally pumice which has undergone decomposition. Why certain 
interbedded layers present volcanic material relatively fresh as com- 
pared with that of other layers is probably largely explained by a 
varying rate of deposition. Assuming that the materials forming the 
pumiceous clays were deposited at a relatively slow rate they would 
be subjected to weathering conditions which would result in their 
mechanical disintegration and decomposition, while if the layers of 
pure volcanic ash were deposited much more rapidly they would not 
have been subjected to the same extent to such influences. It is also 
possible that the clays themselves have been derived from pumice hav- 
ing a slightly different chemical nature which would render them 
more liable to decomposition, or perhaps they are wind-borne from a 
much older deposit of volcanic ejectamenta in the surrounding coun- 
try. The fact that the upper layers of pure volcanic ash merge 
gradually into a clay somewhat similar to some of the subjacent clays, 
and that interbedded with the volcanic layers themselves are 
pumiceous clays, is perhaps evidence that the change has taken place 
in siiuy although, of course, these interbedded clays may also be de- 
rived from older deposits during a period of volcanic intermission. 
The appearance of the formation is, however, rather against this. Moa- 
bones have been found in these clays, so that it is reasonably certain 
that their formation was a somewhat slow process. Probably a great 
deal of the clays in the North Island have their origin in decomposed 
pumice. Jameson (4), in dealing with the Auckland clays, regards 
them as being formed from rhyolitic pumice brought do^vn by the 
Waikato river from its upper reaches. Hill suggests that the ‘‘ blue 
clays, or more correctly blue argillaceous sandstones, are themselves 
simply volcanic ejectamenta that have been altered by aqueous influ- 
ences. 


3. — ^Recent. 

This is represented by the surface soil which, in an article on 
volcanic dust-showers in Napier (5), Mr. Henry Hill showed to con- 
sist largely of material of volcanic origin. At a later date (6) he 
recorded a volcanic dust-shower in Napier on the night of 14th Decem- 
ber and early in the morning of 15th December, 1896. The wind had 
been blowing from the north-west while an eruption of Mount Tonga- 
riro was in progress. The dust that fell was of a light-grey colour, 
and as Mr. Hill pointed out the shower bore full testimony to the 
truth of his statement that and around Napier a large percentage, 
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in fact the larger portion of the soil is of volcanic origin. ” Subsequent 
analyses have amply confirmed this. 
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VOLCAKIO BEDS OF SUB-AEBUL ORIGIN. 

The thickness of these beds varies with the amount of denudation 
that their upper layers have undergone prior to the deposition of the 
overlying stratum of pumiceous clay. Measurements from the base of 
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the volcanic deposit to the lower border of layer 8, the chalazoiditic 
layer, both clearly defined points and representing a thickness from 
the uniformity and constancy of the intervening layers that has pro- 
bably not been appreciably altered by denudation, were made in a 
large number of places on the island. From these it was dear that 
the deposits are certainly thicker in the valleys than on the hilltops, 
and probably thicker on the northern and western than on the south- 
ern and eastern aspects. The following is the most constant order in 
which the layers are deposited, and is applicable also to those areas 
that have been examined on the mainland within a short distance of 
Scinde Island. (See Fig. 2). 

(1) The lowest, a most constant characteristic layer, is one 
to which Mr. Hill was undoubtedly referring when he 
described the pumice as being ‘ ‘ finer than the finest flour 
and as white as snow.” This layer is about 2 ins. in 
thickness. It rests on an uneven surface of brown 
pumiceous clay, and in consequence often has a sinuous 
outline. This layer contains little if any magnetite. 

(2) A layer of about equal thickness, greyish in colour, and 
composed of particles which are rather coarser than in 
the preceding layer. 

(3) A layer stained red or brownish by iron oxides, about 
i in. in thickness, is very constant. In some places 
where the deposits are thick this layer may be double 
and separated by the greyish material of layer 2. 

(4) A layer of about 3 in. in thickness, coarser in texture 
tWi the preceding layers, and becoming coarser in its 
upper part, often apparently' forming two different 
strata. This layer contains fragments of pumice some- 
times about a quarter of an inch in thiclmess. 

(5) A well-defined brown layer of about 1^ ins. in thickness 
which is relatively resistant to denudation and is the 
lowest layer in which sparse small chalazoidites are 
present. 

(6) A layer about 10 in. in thickness containing larger 
pieces of pumice than any of the others. The largest 
are in the upper part of the layer, one fragment in 
the dry state being over 900 mg. in weight. These 
pumice fragments are irregular in shape and their 
angles are smooth and rounded. The upper part of 
this layer contains chalawidites intermingled with the 
pumice fragments. 

(7) A layer stained a reddish colour due probably to 
limonite, which is not very constant, and when present 
avera^ about a quarter of an inch in thickness. 
Sometimes it is very well marked, as in the cutting in 
Napier Terrace, and contains small rather sparsely- 
scattered chalazoidites. 

(8) A layer which, on an average is 12 in. in thidmess, 

' in which the chalazoidites are most abundant. The 

matrix appears the same throughout. It is divisible 
' into two fairly well-defined layers, the lower part eon- 
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taining the largest chalazoidites and the upper part 
containing smaller ones of a remarkably constant size. 

(9) A very tough layer resisting denudation more than the 
preceding layers, and measuring on an average about 
2 in. in thickness. This layer, often divided into two, 
is also packed in its lower part with small chalazoidites, 
apparently continuous with the subjacent stratum. 

(10) A layer of fine pumice dust averaging about 3 in. in 
thichiiess. 

(11) A tough red-coloured layer about 2 in. in thickness, 
similar to layer 9. 

(12) A layer of fine pumice dust about 4^ in. in thickness. 

(13) A day layer of about 1 in. thick. 

(14) Following on this is a deposit of fine ash which is 
sometimes traversed by another layer or two of 
pumiceous clay and merges gradually into a layer of 
pumiceous clay between 2ft. and 3 ft. in thickness. 

Resting on this is the soil-layer. 

This order is applicable to all the deposits found in various parts 
of the island, although from layer 10 onwards they may be absent 
wholly or in part. On examination of a section exposing these layers, 
more or less vertical cracks are seen running sometimes from the 
clay above to the day bdow, more often extending through only a 
few layers. They are probably due to tension during drying and 
<»n8olidation. 

CHAnazomiTES. 

One of the most interesting features of these deposits is the 
presence of ellipsoidal-shaped bodies composed of pumice varying in 
size from about a pin’s head up to about half an inch across. They 
have been formed, according to the theory to be stated later, in verj* 
much the same manner as a hailstone, and have a similar laminated 
structure. For this reason I have called the theory of their formation 
the “ hailstone theory,” and the bodies “chalazoidites” from the 
Greek XoXaJoeiSos resembling hail, and Ai^os a stone. The term 
“ pisolite” has been used, but is unsatisfactory as it refers to a 
different structure having a different origin. They have also been 
called “ lapilli” but this, too, is a misnomer. There is a distinct 
need for a new term and “ chalazoidite” seems to have the advantage 
in accurately describing their suggested method of formation. 

Chalazoidites occur in layers 5 to 9, but are present in gi-eatest 
abundance in layer 8, which is therefore called the chalazoiditic layer. 
There seems no reason why they should not occur in the other layers, 
and it is possible they may have been present ori^nally but have 
suffered disintegration. This appears to have definitely occurred in 
the upper part of layer 9, which, as will be mentioned later, probably 
represents an interval of intermission of volcanic activity, when 
weathering influences would result in their destruction. In some 
sections, as in Amner’s quarry iu Milton Road, chalazoidites are 
found in other layers besides those mentioned; the extraordinary 
density which characterizes the whole section in this locality may 
explain their preservation in these layers. 
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In the chalazoiditic layer itself as a general rale the chalazoidites 
appear to be diffusely scattered through the dust-matrix ; the largest 
ones are found towards the base, and the smaller ones towards the 
top, the transition from the large to the small being rather sharply 
defined. There is evidence that the chalazoidites were not always 
diffusely scattered through the matrix, but were themselves arranged 
in layers. This is particularly well seen in sections in the valley 
through which Burns Road runs where the chalazoiditic layer is 
well developed, measuring 17 or 18 in. in thickness. Here in the 
lowest part the chalazoidites are quite small and arranged in several 
horizontal layers ; above this is a stratum where the largest and also 
the smallest chalazoidites occur, and this in turn is succeeded by the 
layer of smaller ones of uniform size. In a few other places on the 
island the same arrangement can be observed, and is probably 
explained by the fact that this condition is usually found in sheltered 
valleys where wind action would not affect stratification. 

It is probably impossible to determine what was the original 
relationship of chalazoidites to matrix, as the latter consists to an 
unknown extent of disintegrated chalazoidites. On passing a large 
quantity of the upper part of the layer and a similar quantity of the 
lower of the layer, through a 30 mesh^^ sieve, i.e., one with 30 holes 
to the linear or 900 to the square inch (a size which is very effective 
in the separation), it was found that in the case of the lower wsample 
a little less than half by weight was retained in the sieve, and in 
the case of the upper sample a little more than half. The residue 
left in the sieve consisted entirely of chalazoidites, fragmented 
chalazoidites, tubules,’^ and small fragments of pumice. It is a 
very extraordinary fact that the proportion of chalazoidites should 
be roughly the same whether they were removed from the lowest 
part of the layer where the largest occur or from the upper part 
of the layer, where they are almost uniformly of small size. Still 
further, it appeared in both cases that about one half of what was 
retained in the sieves consisted of fragmented chalazoidites. It might 
be expected that the proportion of chalazoidites would differ in 
different localities for the same particular stratum, such as the chala- 
zoiditic layer. For at least several parts of Scinde Island the propor- 
tion appears to be constant. If one or more of the conditions neces- 
sary for chalazoiditic formation were absent, then they would be 
absent, as appears to be the case in places west of Napier. 

Appearance: The larger chalazoidites are of a light-grey colour 
with small dark rectangular patches very similar to those on a bird 's 
egg, and on sectioning, similar black markings are sometimes seen 
running in the line of the laminae. The smaller chalazoidites are 
darker in appearance, and the dark areas are not noticeable. 

Weight: The heaviest chalazoidite, a very exceptional specimen, 
found in the western portion of the island, weighed when d^ 1,063 
mg., and the smallest that appeared definitely to be a chalazoidite 
weighed 1 mg. If 10 grms. of the lower part of the chalazoiditic 
layer (the specimens in this case were taken from near Jellicoe Ward 
at the Napier Hospital) is examined, there will be found on the 
average one chalazoidite weighing 300 mg., two weighing 200 mg., 
six weighing 100 mg., and about 40 weighing 35 mg., the remainder, 
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including a large number of fragmented specimens, would average 
15 mg. If 10 grammes of the upper part of the chalazoiditic layer 
is examined it will be found that the chalazoidites are much more 
uniform in size, the average weight being about 15 mg. Fig. 3 
illustrates graphs showing the numbers of intact chalazoidites of 
certain weights differing successively by 5 mgs., present in an equal 
mass first from the lower (broken graph-line), and then from the 
upper part of the layer (solid line). The solid graph-line shows that 
the largest number of chalazoidites in the upper part of the la>er 
weigh 15 mg., and none in this particular sample was found weighing 
more than 35 mg. The broken graph-line shows that here, too, the 
greatest number of chalazoidites weight 15 mgs. There was no 
evidence that the smaller chalazoidites were derived to any appreci- 
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able extent from the larger chalazoidites owing to exfoliation of the 
capsular layers, nor was there any evidence that the larger chala- 
zoidites were built up by accretion from the smaller ones. 

Shape: A large number of chalazoidites of varying sizes were 
measured, and it was found that they are all ellipsoids having vary- 
ing eccentricities with no constant relationship between them. Some 
are almost perfect spheres, while others are shaped very much like 
a grain of wheat. During descent they probably tended to be 
spheric^ and were saturated in varying degrees with water, which 
would render them plastic. The impact on striking the ground, if 
it were an even surface, would tend to flatten them out, and it is 
noticeable when some of the larger flattened specimens are examined 
in situ, that the short axes are perpendicular to the plane of the 
stratum, Although this is by no means a constant feature. In some 
oases wtiiin dents or depressions can be made out, almost certainly 
due to the fact that in their fall, instead of striking the soft pumice 
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matrix, the chalazoidites came into contact with others that had 
already fallen, or in their turn were struck by others falling later. 
The weight of the materials deposited above the chala^idites might 
also be a slight factor in causing the flattening, but it seems more 
probable that in order to remain unbroken they must have been 
at least only moderately saturated, and therefore only moderately 
plastic. If they had been saturated in excess they would have 
undergone destruction immediately on striking the ground. There 
is no evidence that this was not the fate of some of them, nor is 
there any evidence as to the length of time involved in the forma- 
tion of the layers themselves, although in all probability it was 
extremely rapid, and weight might therefore cause slight flattening 
of the chalazoidites after deposition, and before drying out or set- 
ting took place. Fig. 6 shows chalazoidites which have been flattened 
on one aspect, due apparently to the impact on striking the ground. 
This shows definitely that they must have been in a plastic state. 
In these eases of a definite flattening on one aspect, it is noticeable 
that this is at one pole of the longest axis, showing that they fell 
with the long axis vertical, and probably had a spinning motion 
on this axis. The appearances suggest that there was no violent 
wind at the time of their deposition, and that they fell vertically. 
If, in the process of setting, there was contraction, then the tendency 
of a spherical body to assume a tetrahedral shape might also be 
invoked as an explanation for some of the irregularities. The fact 
that chalazoidites show considerable variations in the ratio of the 
short axes to the long axes, and the presence or absence of dents, 
is largely explained by the different degrees of saturation resulting 
in different degrees of plasticity, whilst in many instances the 
irregularities are due to exfoliation of the outer capsular layers. 
Still one other irregularity particularly well marked with the larger 
chalazoidites is the presence of a small “ taiF' of what appears to 
be adherent matrix, which can. in most cases easily be removed 
from the capsule by a little pressure. It is in all cases quite distinct 
from the outer layer. This may be analogous to the ‘‘ tail” of a 
falling drop of water, but the comparatively loose attachment is 
very suggestive that it was formed secondarily. The more probable 
explanation is that the water in the plastic chalazoidite on reaching 
the ground would, by capillarity, collect at the lower pole, and owing 
to the chemicals in solution would cause to adhere a portion of the 
adjoining matrix, thus forming a ‘‘tail.” A stained section through 
a chalazoidite (see Fig. 7) sometimes shows a meniscus where the 
stain is more intense, suggesting that there has been water which 
has caused slight chemical alterations. If a chalazoidite is cut across 
and part of the cut surface is placed in contact with a dye the fluid 
is absorbed and forms a meniscus with the convexity upwards, which 
is explainable by surface tension and the greater porosity of the 
central nucleus. The appearance is very similar to that seen in the 
stained specimens. Why it is not seen more often probably depends 
on the manner of the section, and it is also possible that it may be 
due to water that has entered the chalazoidite long after its forma- 
tion. An examination in situ to determine on which aspect the 
“tail” was situated was, as might have been expected, unsatisfactory* 
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Density: No exact measurements were made to determine the 
hardness of specimens of different sizes in the dry and in the wet 
state. Most of them are considerably denser than those mentioned 
by Pratt (7) as occurring at Mount Maquiling in the Philippines, 
which could be “ broken only with difficulty between the fingers.” 
Some of the larger ones were able to withstand a pressure of well 
over 100 lb. without fracturing. In the saturated condition they 
will not stand so much pressure, but show no evidence of defor- 
mation before fracturing occurs. 

Effects of Heat: On moderate heating the dialazoidites become 
somewhat dark in colour. This appearance is due to organic 
material that has entered into their composition secondarily. If 
the eruption were intermittent it is likely enough that a slight 
vegetation of lichens and mosses sprang up similar to that which 
occasionally grows on exposed sections at present. The decomposi- 
tion of this vegetable matter would account for the organic material, 
although it seems more likely that it has entered at a later date 
from the period of intermission represented by the superjacent clay 
stratum. At a temperature of about 800° C. the outer layers 
become partially vitrified, but a temperature of above 1,000° C. was 
needed to ensure complete ^utrification. 

Resistance to Disintegration: One of the most extraordinary 
features of the chalazoidites is their resistance to disintegration. For 
their preservation it seems neceasary that they should fall on soft 
ground, otherwise they would be broken in pieces or deformed out 
of all recognition. Before and after drying, certain chemical changes 
must have occurred cementing them into a solid mass. What exactly 
these changes are it is difficult to state. It has been pointed out 
(8) that 0.150% Si Oj is dissolved from fine tuff after standing 
in a vessel for six weefe. From this it might be assumed that the 
silica was reprecipitated and cemented the chalazoidite together. 

Something similar is described by Hewitt (9) in the cliffs north- 
west of Arapuni along the northern side of the Waitete Valley. 
These cliffs are composed of pumiceous breccia, and there has 
developed a hard outer skin up to 2 in. in thickness due to the 
deposition of silica. The same explanation may be used for the 
density of the layers which represent periods of intermission. The 
more or less vertical cracks in these volcanic layers arc often bounded 
on each side by similar dense layers. 

That there have been chemical changes since the formation of 
the chalazoidite admits of no doubt. At one time it must have been 
plastic, but no amount of saturation at present will reproduce that 
condition. The larger and medium-sized chalazoidites are particu- 
larly resistant, but ^ smaller ones are not so resistant. This is pro- 
bably due to the fact that in the smaller chalazoidites their surface 
area in relation to their mass is relatively greater than in the larger 
chalazoidites, and also, as will be mentioned later, their porosity is 
greater. Their ellipsoidal shape would also help them to witlistand 
pressure. The nature of the matrix in which the chalazoidites are 
imbedded is also of importance. When the matrix is soft, as it 
usually is, evidence of disintegration is shown by the large number 
of fragmented specimens present on sieving. When it is of the 
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peculiar density seen in Amner’s quarry disintegration appears to 
have been absent or almost negligible. T^e would appear to be two 
methods of disintegration. In the case of the larger chalazoidites 
exfoliation of the capsule seems to be the commoner method; in the 
case of the smaller chalazoidites, complete fracturing, Pratt (7), 
in discussing this question in relation to the chalazoidites that occur 
in the Philippine Islands, states, “ It would appear equally remark- 
able that they should retain their form upon falling into water. 
Yet it is beyond question that the tuif series into which the wells 
at Banan and Taal penetrated is in great part water laid, and it 
is to be presumed that the mud balls encountered in the wells at 
these towns fell into the sea originally.'' It would be expected that 
deep borings on the plains round about Napier would also show the 
presence of chalazoidites, but up to the present they have not been 
noticed, probably because they have not been looked for. In a 
section of these volcanic layers a whitish efflorescence appears which 
is crystalline and soluble in water. Its exact chemical nature has 
not been determined, nor what part it plays, if any, in the ‘^rotting" 
of pumice. 

No experiments have been carried out to ascertain the elasticity, 
the electrical properties, etc., of chalazoidites, but no doubt if these 
were determined for varying sizes very interesting graphs would be 
obtained. 

Structure: On naked-eye examination of sections it was found 
that the larger chalazoidites showed, as the result of weathering, 
slight evidence of a nucleus, which in some cases had apparently 
fallen out, leaving a cavity; and more rarely that there was a 
distinct suggestion of concentric lamination. Usually a cut section 
of a chalazoidite appears perfectly homogeneous, except perhaps for 
a slightly less dense and more brownish structure in the middle as 
compared with the outer parts. 

In order to determine whether all chalazoidites showed a 
definitely laminated structure, sections were treated with carbol 
fuchsin and then thin scrapings removed from the surface. By this 
method it was found that the dye had penetrated more deeply into 
the central area or nucleus in rather a punctate manner, and that 
there were concentric stained laminae separated by other non-stained 
layers. 

On treating intact chalazoidites with Canada balsam and grind- 
ing down a thin section, it was found on microscopical examination 
that the deeply staining nucleus and the absorbent concentric 
laminae were due to their texture being less dense than the non- 
staining laminae. The dye was able to penetrate more deeply into 
the nucleus and stained rings than in the non-staining rings. Other 
methods of staining, such as treating a section with silver nitrate 
and then applying formalin, shows the absorbent concentric laminae 
as very distinct black rings. No satisfactory methods were devised 
for showing up the laminae by staining-methods in tie smaller 
chalazoidites, but they are undoubtedly present as is shown by those 
specimens that have been exposed to weathering conditions, and also 
by the occasional presence of a darkly-stained laminae due to iron 
oxides. From these various methods of examination it was found 
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that all chalazoidites have the characteristic structure of a nucleus 
surround^ by concentric laminae, but there were differences in the 
size and shape and position of the nucleus, and differences in the 
number and thickness of the laminae. It was quite clear that the 
laminae themselves differed somewhat in thickness; in some places 
a given layer may be absent and its place taken by outer succeeding 
layers (see Fig. 8). 

Radiological examinations were made to ascertain whether these 
would throw any light on the -structure of the chalazoidite. As has 
already been mentioned, incomplete fractures were occasionally 
revealed in the apparently intact chalazoidite. Thin sections of from 
^ in. to l/16th in. were taken from the thickest part of the largest 
specimens, and plates taken at varying distances and varying 
exposures. Prom these it was found that the nucleus was always 
less radio-opaque than the outer portions, and there were faint but 
distinct evidences of laminae in the capsular portion. Very often 
a very much less radio-opaque nuclear point or nucleolus could be 
demonstrated. It was small and usually rounded, but sometimes 
oval and elongated. In Pig. 8 B there are two densely radio-opaque 
particles, probably quartz, in the nucleolus. Examples of matrix 
and crushed chalazoidites were X-rayed, and it was found that the 
proportion of radio-opaque material was greater in the matrix than 
in the chalazoidite. 

Nucleolus or Nuclear Point: This repi’csents the first stage in 
the formation of a chalazoidite. That it represents an area of much 
looser texture than the surrounding nucleus is undoubted, both from 
the microscopical examinations and from the staining reactions, 
which sometimes show it up as a small intensely-stained area. 
Whether it has any peculiar chemical composition was not 
determined. 

Nucleus: The nucleus is always eccentric in position, and varies 
in size with the size of the chfdazoidite. No evidence of its ever 
being double was found, although one might exi)ect this to occur 
occasionally. Its relation in mass to the outer capsular portions will 
be discus.sed later. With the larger specimens the nucleus showed 
no evidence of lamination. 

Capsular Layers: The number and thickness of these layers 
varies with the size of the chalazoidite. The laminated appearance 
depends on the varying density of the different layers. A layer of 
less density absorbs the stains more deeply than the layers which 
have a greater density. These layers appear to alternate regularly 
unless one portion of a layer is absent. In sections of the chala- 
zoidites it is rardy found that there are oval air-spaees — lacunae — 
which run in the line of the laminae. These are more frequent in 
the outermost layers. These may possibly be due to certain soluble 
constituents having been leached out, or even due to contained air- 
bubbles during the formation of the chalazoidite. 

Outermost Layer: It is clear that in many cases this layer is 
of much greater density than any of the other layers; in some speci- 
mens the surface can be scratched only with a knife, and tWs extreme 
density is suggestive of vitrification. 
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R ELATIONSHIP OF NUCLEUS TO CAPSULAR LAYERS. 

From the evideace of structure shown by staining, microscopic 
enlargement, and radiological treatment, it is clear that the nucleus is 
of looser texture and has a higher porosity than the outer or capsular 
portions. In view of this fact an attempt to determine the relation- 
ship in mass of the relatively porous portion was made by estimating 
the total porosity of ehakzoidites of varying azes. Sinre chala- 
zoidites of the same approximate weights show differences in struc- 
ture, large numbers of a given weight were taken for each esrtimation. 
The method adopted was inexact, but the resets shown in Fig. 4 
seem to be fairly uniform. By calculation it is clear that the size 
of the nucleus or more porous part varies but little, whilst that of 
the capsular layers or less porous part increases rapidly with the 
increasing size of the chalazoidites. From 5 mg., the low^ limit 
of weight of chalazoidite used, to about 70 mg., the porosity falls 



from 25.3% to 23.25%, which seems to imply that the capsule is 
increasing very rapidly as compared with the nucleus, and that the 
masses are comparable. From about 70 mg. onwards the curve 
becomes more flattened, implying that the mass of tlie capsular layers 
now considerably overshadows that of the nuclear portion. 

•MICROSCOPICAL EXAMINATION. 

Mr. L. I. Grange reports as follows: “ The constituents are 
typical of rhyolitic pumice. They consist largely of colourless 
particles of glass with felspar, quartz, and finer material that was 
not resolvable.” Other minerals such as rutile and limonite are also 
present. An examination of a large chalazoidite from the banks of 
the Waikato near Taupo to determine whether there was any differ- 
ence between the nuclear and capsular portions showed nothing very 
marked. “ Both consist mainly of glass, comminuted pumice, with 
a few minute grains of felspar and more rarely tiny prisms of a 
green mineral and minute black specks. The green mineral seems 
to be either hornblende or a pyroxene, but the crystals are too small 
to be identified with certainty. I suppose the minute specks of 
black to be magnetite, as you have demonstrated that mineral. In 
the outer shell the glass fragments are perhaps ever so slightly finer 
in grain than in the nucleus, and the shell shows perhaps more of 
the flocculent almost clay-like patches, which I suppose represent 
aggregates of the very finest dust particles.” (Campbell Smith). 
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MATRIX OF CHALAZOmmC LAYER. 

On the hailstone theory it was thought that probably all chala- 
zoidites had their origin at a low and fairly constant level in the 
pumice-cloud, and that the formation of the larger ones was due 
to their being carried by vertical air currents into higher levels of 
the atmosphere where finer volcanic dust predominated, from which 
they received many of their additional laminae. As seems proved 
by their porosity and by a study of stained specimens, growth in 
size depends largely on the increase in the number and thickness 
of these capsular layers, and not so much on the size of the nucleus. 
It was reasoned that it was likely that the size of the particles, and 
therefore possibly the chemical composition of the particles, would 
vary in the lower part of the matrix as compared with those in 
the upper part, and still further that the chalazoidites of varying 
sizes might also show chemical differences. Mr. F. M. Saxton very 
kindly graded samples from various layers. His report is as follows : 
' ' I have numbered the samples submitted as follows ; — 

No. 1. — No. 1 layer. 

No. 2. — No. 2, layer. 

No. 3. — No. 6. layer. 

No. 4. — Matrix containing small chalazoidites. 

No. 5. — Matrix containing large chalazoidites. 

Each sample was first dried and then gently powdered between 
spatula and paper in order to free concreted fine particles without 
actually grinding them to a finer state than already obtained. No. 2 
was in the form of a single large lump; this was easily friable, and 
after gently breaking was treated as the other samples. 
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15.3 

1 14.6 
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1 6.1 
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1 29.2 

8.0 ! 

1 

34.9 I 

28.5 

100.0 

09.3 1 

100.0 

99.9 ! 

100 0 


The total of 99.3% in the case of No. 2 is on account of the 
very snmll quantity of material that was available. 

No. 4: The 11.2% and 12.5% retained up to 1/10 in. mash 
consisted almost entirely of chalazoidites, and about half of the 22.4% 
retained by the 1/40 in. mesh was mostly of intact chalazoidites, 
so that the total percentage was 34.9%. 

No. 5: The 2.7%, 26.5%, and 7.2% up to 1/10 in. mesh were 
almost entirely composed of chalazoidites, ^% of the 20% retained 
in 1/40 in. mesh consisted mostly of intact (^lazoidites, so that the 
total percentage was 41.4%.” 



586 


Tr<msactions. 


It will be noted that the proportions of chalazoidites given in 
these figures differ from the proportions given previously, where 
it was found to be roughly one half in each case. The difference 
is explained by the method of crushing between a spatula and paper. 
This would destroy a large proportion of the smaller fragmented 
specimens which are easily friable. From these is clear 

that the greatest proportion of the finer particles is in the upper 
layer. 

No method was found of determining the sizes of the particles 
entering into the formation of the chalazoidites. As would be 
expected with any coloured homogenous substance, crushing would 
render it lighter in colour; or if fractions were separated by sifting, 
the finer portions would be lighter in colour than the coarser, merely 
by reason of their fineness. It was very noticeable that the matrix, 
on being passed through the sieves of varying sizes, became progres- 
sively lighter in colour as it became finer. This might in ▼'"loUbe 
explained by the differences in chemical composition. On Ift^^ugh 
crushing of a number of small chalazoidites and a number 
ones, the mass from the large chalazoidites was much lighter in 
colour than that from the small. The differences in colouration 
appear to be largely due to the quantities of magnetite and ferro- 
magnesium minerals present. 

Estimations of the amount of magnetite in the matrix and in 
the chalazoidites appeared to be of some importance, and attempts 
to ascertain these were made by means of the electro-magnet. It 
was found that no accurate estimations were poasible, owing to the 
fact that the magnetite grains were often imbedded in, or adherent 
to, other substances. In addition, limonite was freely present and 
this, too, is feebly magnetic. It is stated that as a rule coarse grains 
of magnetic substances may be more easily removed than fine grains 
of this material, since fine grains usually have a larger percentage 
of non-magnetic material adhering to them, and hence a greater 
magnetic force is necessary to remove them. The result of these 
examinations showed that much more material was extracted by 
the electro-magnet from the matrix than from the crushed chala- 
zoidites, and more from the small than the large chalazoidites. 

An explanation of these results is diflScult. Pumice dust consists 
of several^ minerals of specific gravities varying from magnetite 5.18 
and rutile 4.2, to quartz 2.65 and felspar 2.58-2^.76. It might appear 
that there had been some gravitative selection whereby the heavier 
minerals fell more rapidly than the lighter ones, but bodies of equal 
mass and equal air resistance will fall with the same velocity from 
the same height. This is true up to a certain stage of subdivision, 
but even beyond this the differences in the rates of 'fall would be 
v(‘ry slight, possibly not more than l/l,000th of the distance travelled. 
Other factors come into the question, such as the height to which 
the various constituents would be ejected from the volcano, and, 
most important of all, the effect of wind, which would have a great 
influence in causing a gravitative selection. It would be expected 
that a given layer of volcanic dust traced outwards from the centre 
of eruption could not only show differences in texture, but, from 
this ‘‘gravitative selection’" also differences in chemical composition, 
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the minerals of lighter speeific* gravity predominating. Whether 
this has been proved I am unable to learn, but the question could 
easily be settled by traciag the chalazoiditic layer, or any other well- 
defined layer of these beds inland and having analyses made of the 
material at different points. The material ejected from the Tarawera 
eruption of 1886 should be very suitable for examinations of this 
sort. It would be expected that the material which floated in the 
air for such long periods of time following the Krakatoa eruption 
was very different in some respects from that which fell near the 
volcano. 

In dealing with the magnetite present in the ehalazoidites it 
must be kept in mind that if the amounts could be accurately 
estimated they woxild not necessarily bear any relation to the total 
iron shown on chemical analyses. Other compounds of iron are 
relatively easily susceptible to solution processes, while magnetite is 
->tnely resistant. It might happen that in a chalazoi^te of a 
giv^ M^ze 50% of the iron mi^t be in the form of magnetite, and 

« e*P thj'r 50^ in other compounds of iron; in a chalazoidite of 
louer size 80% might be in the form of magnetite and 20% in 
Hhe other minerals. 

TUBUliES. 

Another structure met with is a tubule of volcanic ash. This 
is found in nearly aU layers. The fact that in some instances these 
tubules have intimately adherent to them imperfectly formed chala- 
zoidites is very suggestive that they have an aerial origin. Another 
possibility is that they may have formed round roots of plants that 
have grown during intervals between the depositions of these layers, 
but this does not seem likely. It is noticeable, however, that the 
roots of recent plants that have died in these beds become encased 
in a rather dense pumiceous fltvelope. On looking through the 
literature, nothing very similar wit api)ears to have been described. 
The tubules are of varying lengths, shapes, and sizes. A large 
majority are branched, and many are adherent to imperfectly-formed 
ehalazoidites. They range in length from 1 mm. up to 8 or 9 mm., 
and in thickness from 1 mm. to 2.5 mm. Occasionally they are much 
larger. They show no evidence of vitrification. Tubules of ice have 
been describe as falling during hailstorms, but no very satisfactory 
explanation has been given to account for them. It seems possible 
that these tubules ore analogous in their origin to the ioe-tubules, 
whatever that origin is. In ]^g. 6 B 1 and 2 are tubules. On X-ray 
examination of 1 the central tube was seen to bifurcate towards the 
right extremity, and at various points along its length were small 
openings thrau^ the wall, indications of which can be detected in 
the figure. 

AERIAL FULGURITES. 

Yet other structures that are fairly common in certain localities, 
as in Havelock Road, are fragments of what at first sight look like 
siUeifled wood. These occur most frequently in the chalazoiditic 
layer, but are found in almost any of the layers. They are from 
about an inch to a foot or more in length, and from about a quarter 
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of an inch to an inch or more in ‘thickness. On cross section their 
central portions show distinct evidence of vitrification, and also a 
longitudinal tubular structure apparently due to the formation of 
gases. Very often they are in the form of single large tubee. 
Imperfectly-formed chalasoidites are often densely adherent to their 
exterior surface. It seems highly probable that these structures 
were formed by the electrical discharges that must have accompanied 
the volcanic eruption and the formation of the chalazoidites.^ The 
usual formation of fulgurites is by the electrical discharge entering 
the ground, so that they are usually more or leas vertical in position. 
It is suggested that these fulgurites may have been formed from 
fusion of the materials suspended in the air, although it is certainly 
difficult to visualize such a density of particles as would make a 
welding of this nature possible. The attitude of these fulgurites is 
always horizontal, which may be expected from their suggested 
manner of formation, although it is conceivable that in the 2ooise 
matrix they would assume this position after formation by tAj|^us>aal 
method. ^ / jlj 

Microscopical examination of these fulgurites shows them to have 
a homogenous appearance with no evidence of any cellular structure. 


CHEMISTRY. 

Mr. Morgan, late Director of the Geological Survey, kindly had 
the following analyses made by Mr. F. T. Seelye of the Dominion 
Laboratory. 

No. 1 is an analysis of No. 1 layer. 

No. 2 is an analysis of the larger chalazoidites from the lower 
part of the chalazoiditic layer. 

No. 3 is an analysis of the^aatrix in which they were embedded. 

No. 4 is an analysis of the smaller chalazoidites from the upper 
part of the chalazoiditic layer. 

No. 5 is an analysis of the matrix in which they were embedded. 



No. 1 

No. 2 

No. 3 

No. 4 

No. 6 



% 

% 

% 

% 

% 

Silica 

SiOa 

72.46 

70.78 

7101 

70.27 

69.72 

Alumina 

AljOs 

12.28 

12.14 

12.18 

12.42 

12.47 

Ferric Oxide 

Fe20a 

0.95 

1.38 

1.88 

1.48 

1.60 

Ferrous Oxide 

FeO 

0.9i 

0.85 

0.94 

0.83 

0.94 

Hagrnesia 

ilKO 

0.84 

0 66 

0.61 

0.64 

a68 

Lime 

CaO 

1.54 

1.69 

1.76 

1.61 

1.74 

Soda 

NaaO 

8.65 

2.88 

2.76 

2.87‘ 

2.97 

Potash 

KjO 

3.01 

2.74 

2.74 

2.63 

2.54 

Loss on ignition 

... ... 

3.93 

4.69 

4.43 

4 65 

4.68 

Water lost below 106®C 

0.70 

2.08 

1.94 

2.41 

2.42 

Carbon Dioxide 

CO® 1 

none 

none 

none 

none 

none 

Titanium Dioxide TiO® 

0.20 

0.23 

0.24 

1 0.28 

0.24 

Manganous Oxide MnO 

0.0 

0.04 

0.05 

0.04 

0.06 

Sulphur 

s. 

0.01 

0.025 

0.04 

0.035 

0.04 

Baryta 

BaO 

0,08 

0.08 

008 

0.08 

0.08 


100.10 

99.97 


99.94 i 

1 

99.97 
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In some analyses carried out by Mr. A. E. Aldridge to deter- 
mine the amounts of silica in chalazoidites of different sizes, he 
• obtained the following interesting figures : — 


1. Chalazoidite weighting 840 mg 69.76% 

1. Chalazoidites of large size 68.03% 

3. Chalazoidites of small size 67.90% 

4. Chalazoidites *of differing weights, 5 mg 64.68% 


These differences in the silica-content may be partly explained 
by the decomposition that has gone on in the outer layer of the 
chalazoidites. Assuming that the outer capsular layer were equally 
thick for the small as for the larger chalazodites, there would be a 
greater proportionate bulk in the case of the former. In acidic 
rocks the result would be reduction in the content of silica and 
slight increase of Alg Og, with increase, of course, of water. 

Mr. F. T. Seelye, to whom my thanks are due, has very kindly 
read through this paper, and in a private communication has dis- 
cussed the problem of the nature of the cementing-substance. “The 
analyses show that it cannot be a carbonate nor calcium sulphate. 
It may, of course, be silica or even clay, but whatever it is now the 
change would seem to have started at the same time as the i)umice 
was formed, or very shortly afterwards, for it seems almost impos- 
sible for water alone to render ordinary pumice dust cohesive 
enough to resist fracture, even if 4he mass dropped into a bed of 
pumice dust from a height. As you mention, superheated steam would 
indeed have a marked effect on the chemical constitution of pumice, 
and if gelatinous silica could be liberated by such action on the 
surface of the particles, this might prove a very effective binding 
material. I have also wondered if the acids and other gases so often 
evolved at the time of a volcanic eruption should not also be con- 
sidered as playing a prominent part in modifying the properties of 
the finest pumice dust. Jaggar possibly has this in mind, as your 
reference to his paper shows. That large amounts of acid and other 
active gases are evolved during many eruptions, and especially at 
th(' beginning, seems to be generally accepted. Sulphurous gases 
seem commonly to accompany explosions, whilst hydrochloric acid 
and chlorine vapours are common, and are especially associated with 
higli temperatures and energetic action. Even dilute hydrochloi’ic 
acid solution at lOO*^ C. (piite appreciably attacks pumice, yielding 
chlorides of iron, aluminium, etc., and the attack would probably 
be much more intense at the verj' high tcmjK'ratures prevailing 
during an explosion. In a recent i)aper E. G. Zies, calling attention 
to the vapour-phase activity of an igneous body, states that in the 
‘ Valley of Ten Thousand Smokes’ in .^Vlaska, approximately a cubic 
mile of rhyolitic pumice was deposited after having been blown 
through the old floor of the volley. Many fumaroles are located in 
the pumiceous area. The persistence of relatively high temperatures 
(97® C. — 650® C.), and great volumes of steam since the eruption 
of 1912, indicate that the emanations derive their heat from a deep- 
seated igneous body. The emanations (now) contain over 99% of 
steam together with apijroximately 0.12% of hydrochloric acid, 
0.03% of hydrofluoric acid, and 0.03% of HaS, These acid gases 
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have greatly altered the pumice in the vicinity of the vents of the 
fumaroles. 

' * If we suppose the surface of the particles altered by these ’ 
vapours and soluble salts of the bases formed, together with gela- 
tinous silica, there is a possiblity that such substances might in some 
way or other, perhaps at a certain degree of hydration, form a 
cementing medium, if too much water did not condense on the sur- 
faces of the particles. 

‘‘ If now the particles coalesce and the mass increases in size 
in the way you have described, then after the deposit has been 
formed on the earth we would very likel}^ have conditions necessary 
for the quick ‘rotting* or decomposition of some of the pumice beds, 
the salts of iron and aluminium decomposing to form hydrates, and 
the aluminium ultimately giving rise to claylike minerals such as 
kaolinite. 

“ It seemed to me that several facts immtioned in the paper 
might just possibly be explained by the presence in the pumice of 
soluble salts formed by the agency of acid gases, these salts still 
being present on the surfaces of the particles at the time of their 
deposition; for example, from Pig. 1 the presence of interbedded 
layers of relatively fresh volcanic material might be explained by 
the absence of such salts at the time of the ejection of the material. 
Again, the curious alternation of pumiceous layers with (usually 
iron-stained) tough highly-resistant layers, the latter seemingly 
forming a not-very-sharply-separated ‘ cap* to Ihe pumice layer, 
suggests the idea that each resistant layer might have been formed 
largely from material derived from the lower layer; for example, 
by the salt solutions working upwards and dei)()siting their salts 
at the surface (just as this occurs in dry irrigated areas, e.g., Central 
Otago). Certain salts of iron and aluminium are easily decomposed 
and would give rise to hydroxides, and even to clay-like material 
possibly. (In the neighbourhood of geysers the aluminium is ulti- 
mately deposited as alumite or as kaolin.) 

“It is significant, too, that the chalazoidites apparently have 
the toughest and most resistant layer at their surface. Pacts in 
favour of this are: — 

(a) The cementing of the ‘tail* has already been attributed 
to such a cause. 

(b) Iron oxides (secondary and hydrated?) are at least 
occasionally present in the laminations of the chala- 
zoidites. 

(c) The nucleus (and nucleolus) and the absorbent parts of 
the laminations might just possibly consist of secondary 
material produc^ by the decomposition of the salts, or 
of gelatinous silica liberated during the formation of the 
salts — ^it is indeed just the gelatinous silica, of course, 
that takes the stain in staining an ordinary rock slice, 

(d) The very hard and resistant outermost layer of many 
chalazoidites suggests, as mentioned before, the possibility 
of this having been formed in a similar way to the Vap^ 
of the pumice layers, and in Campbell-Smith*s deserip* 
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tion of the microscopic properties of a chalazoidite he 
refers to the patches of clay-like material in the outer 
layers. 

All this is purely speculative on my part. However, I thought 
it might be worth while further examining some of the samples you 
sent in for traces of chlorides — sulphur not being strongly in evidence 
as shown by the analyses. I tested samples 1, 2, and 3 only. Sample 
1 had very little chloride soluble in water, but samples 2 and 3 
gave very strong tests indeed. However, such chloride would most 
likely have been derived from the salt spray carried from the sea 
by the wind over ^cinde Island. After removing this chloride, 
practically no more could be extracted by hot dilute nitric acid, but 
I was rather surprised to got relatively large amounts of chloride 
again from all the residues, after decomposing the latter with hydro- 
fluoric and nitric acids, showing that some difficultly-decomposed 
chloride mineral is present in all. The tests were only qualitative 
on 1 gm. of sample, but I should think that the amounts of this latter 
chloride were of the order of 0.1% or somewhat more. Of course, 
chlorides are not unknown in acidic lavas such as rhyolites and 
obsidians, but are usually present in traces. But an obsidian from 
Iceland, for example, is recorded which contains 0.1%, and one 
tested recently in the Dominion laboratory had somewhat more than 
this. Further, it is possible, I suppose, for sea-spray salt to have 
formed a complex mineral with the pumice. So the evidence is quite 
inconclusive; nevertheless, it would be interesting to know if chala- 
zoidites from other districts, and particularly from inland districts, 
contained relatively large amounts of chloride or of sulphur.’’ 

In order to settle this point with regard to the large amount of 
chlorine I forwarded to Mr. Seelye samples from a recently-exposed 
section close to the entrance of the Napier Hospital, and also some 
chalazoidites from Taupo. The results of the analyses which he 
kindly undertook are as follows: — 

1. Unbroken chalazoidites from upper part of chalazoiditic 
layer. 

2. Matrix of same. 

3. Unbroken chalazoidites from lower part of layer. 

4. Matrix of latter. 

5. Chalazoidites collected in Taupo. 

Chlorine in Water — Soluble Chlorides. 

1. 2. 3. 4. 5. 

CL. 0.04 0.03 0.03 0.03 0.02 percent. 

Chlorine in chlorides decomposed by dilute nitric acid: — none. 

Chlorine in chlorides decomposed only by hydrofluoric acid: — 

CL. 0.11 0.11 0.12 0.12 0.11 percent 

Mr. F. T. Seelye in commenting on these results states that in 
the published analyses of pumice the presence of chlorine is scarcely 
mentioned, and probably in most cases has not been looked for. 

Washington in his tables of all the published analyses of igneous 
rocks has only about twenty-six analyses of pumices of various types. 
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In one vulsinite pumioe (silica 5.8%, alkalies 11.8%) a trace of 
chlorine is present, whilst two analyses of lapilli ejected during the 
Tarawera eruption show 0.05% and 0.4% of chlorine respectively 
(S. P. Smith, “Eruption of Tarawera,” 1887, p. 76). 

On re-examination of a sample of pumice recently sent in by 
the Geological Stuwey, Mr. Seelye found only a trace of water 
soluble chloride and 0.08% in form only decomposed by hydrofluoric 
acid. 

The presence of chlorine in the Tarawera lapilli, in the obsidianite 
mentioned above, in the Eotorua pumice, and. in the present speci- 
mens makes it seem quite possible that this element is of widespread 
occurrence at least in the North Island volcanic district. 

The larger chalazoidites from the lower layer were tested for 
the presence of fluorine. “ It is certainly not present in more than 
very small amounts, and as the method of estimations and even the 
detection of very small amounts is not very satisfactory, one would 
hesitate to say that it was present at all.” 

Dealing with the complete analyses Mr. Seelye states : — 

“ I have calculated the results of the analyses made here on the 
five samples into the amounts of those Standard (or Normative) 
minerals used by many petrographers in calculating the ‘norm’ of 
a rock from the analyses. Somewhat similar calculations are used 
in calculating the theoretical or standard mineral composition of a 
clay from the analyses. Further information about a rock or clay 
can sometimes be gained in this way, but the results are to be used 
with caution. The standard minerals are not necessarily those 
actually present. I am enclosing the results on a separate sheet. 
The amounts of silica and of the various felspars may probably be 
taken as fairly representative of the amounts of these minerals 
actually present, or potentially so in the pumice glass. The amounts 
of corundum (AljOj), may possibly here be taken as indicating the 
relative amounts of clay produced. Beneath the table arc given the 
amounts of the clay molecule kaolinite corresponding to these 
amounts of AljO.,. On this assumption, decomposition has proceeded 
to a far greater extent in the chalazoidites themselves and in their 
matrices than in layer 1. The differences in the amounts of 
(Na^O-t-KjO) between sample 1 and the other samples might then 
also be accounted for in this way, as also the less amount of H^O 
in sample 1. The amounts of magnetite (FeO, FcjOj) are not here 
truly representative — ^no doubt, much of the PejO, of this ‘norma- 
tive’ mineral is really in the form of hydrated oxide of iron, while 
some of its PeO, and also some of the ilmenite (PeO, TiO^) is much 
more likely to ^ present together with the normative hypersthene 
in the green and greenish-brown ferro-magnesian minerals that are 
actually present in all the samples. 

“ Both the analyses and the ‘norms’ show that the tendency is 
for the chalazoidites to have rather less of the bases, especially PeO, 
CaO, MgO, and MnO, than the corresponding matrices, but the 
differences are very small. It would seem to suggest the greater 
attack and removal of ferromagnesian minerals in the chalazoidites.” 
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Besolts of Analyses of Nos. 1-5 Calculated to the Usual Standard or 
“ Normative” Minerals. 


Quartz SiO| 

)rttioclaae EyO, AljOs, 6SiO| 
llbite Na^Oi AI^Os, GSiO^ 

Inorthite CaO, AISO3, SSiOg 


iilorandum AI2O3 
[lypersthene X FeO, y MgO, (x+y) 



[Imenite TiOs, FeO ... 
haematite F03O3 
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1.40 
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1.40 
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2.09 


2.09 


1.86 

2.09 


0.46 


0.46 


0.46 


0.46 

0.46 


... 


... 




0.16 

... 


4.63 


6.77 


6.37 


7.06 

7.05 


0.16 


0.16 


0.17 


0 15 

0.17 


100.23 

100.04 

100.29 

100.02 

99.99 


[he amounts of corundum, AI3O3, 
would correspond to the following 
amounts of the clay mineral : 

iaolinite AljOj, SSiO,. 2H3O 0.26 4.13 3.87 5.16 4.39 

(Tho SiOs for this mineral would 
have to bo deducted from the 
Quartz of the norm, and the 
necessary water from the total 
water.) 


SITE OP THE VOLCANO OR VOLCANOES. 

The question as to which volcano or volcanoes were concerned 
in the formation of these pumice-beds is one of very great interest, 
and there can be little doubt that it will be answered and throw 
much interesting light on the past volcanic history of the North 
Island. The most important method is to determine exactly the 
distribution of the chalazoidites. Although it is extremely probable 
that other periods of volcanic activity have been associated with their 
formation, if corresponding beds (but thicker than those in Scinde 
Island) could be traced amongst the vast pumice deposits of the 
centre of the island, and those along the East Coast, the evidence 
would exceedingly valuable. - 

Chalazoidites occur at various points along the Napier- Wairoa 
road, at Tangoio the pumice fragments are larger than in Sdnde 
Island, along the Napier-Taupo road, aloi^ the Napier-Taihape road, 
on the Napier-Puketitiri road near Patoka, and on the foothills of 
the Ruahines. Mr. Hill, sinoe the reading of this paper, has drawn 
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my attention to the fact that large specimens up to 2.5 cm. in 
diameter are met witii on the banks of the Waikato. An examination 
of the cutting on the road leading from Taupo, just before the bridge 
over the Waikato is reached, shows them to be sparsely scattered 
through a matrix of coarse pumice fragments. Pig. 6 shows some 
specimens from this locality. They are identical in all respects with 
specimens from Napier, except that they are larger. Nothing 
similar to a dialazoiditic layer such as occurs in Scinde Island was 
found, either here or on a cursory examination in the surrounding 
district. There were conglomerations of masses of pumice-dust 



m p.Hoe! of J fhttm l9tB to z9?r 


lUZSEuSB 


WRfTW 

ww 


ns 


Cf/rn 

SPPPlVji 

mSdSSm 


cn 


Tim 

a 

loa 

w 


lose 


m 

o 

m 

m 

m 

53. 

BS 

Ezn 

■BHi 


Fra. 6. 


several inches across in the midst of the layers of coarse pumice* 
particles. Of more than passing interest is the presence of water- 
worn i^^acke pebbles in these beds. Mr. L. I. Gran^ has found 
ehalazoidites at several points in the Botoroa district Professor 
Bartram ^ints out that Hewitt (9) in his account of 
the geological features of the Arapuni district, states that 
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near the diversion tunnel some small concretions have been 
noted in the soft pumiceous silt. They are described as being 
about the size of marbles, and form in little clusters which occur in 
definite planes of the silt. It is suggested- that they were probably 
formed during floods in sluggish waters by the rolling along of initial 
sand-grains with accretion of smaller particles. I have not had the 
oportunity of examining these so-caUed concretions, but it seems 
more than likely that they will be found to be chalazoidites. Further 
examinations will imdoubtedly show them to have a widespread 
distribution. When this distribution has been worked out in detail 
it. will be possible to locate the volcano responsible. In at least one 
place on the Napier-Rissington road the various layers shown in 
Fig. 2 can be identified, including the chalazoiditic layer, but it 
contains no chalazoidites. This is certainly not due to any process 
resulting in their disintegration, but is explained by the fact that 
this part of the volcanic cloud contained insufficient water to form 
chalazoidites, or that some other condition necessary for their forma- 
tion was absent. 

It seems that a study of the prevailing winds might help in 
locating in which direction the volcano was situated. Fig. 5 is a 
diagram showing the winds in Napier and their relative frequency 
of duration. It will be .seen that the westerly wunds predominate, 
and if the winds in later* Pleistocene times were the same as at 
present, and there is no reason to suppose any great differences, 
it would be reasonable to assume that the volcano was situated to 
the west or north-west of Napier. This would point to the present 
centres of volcanic activity. The farthest south I have as yet 
encountered the chalazoidites is towards Moteo, but they extend 
much farther in a northerly direction. It is clear that even with 
a constant west wind the pumice deposit in which the chalazoidites 
occur would spread fanwise from the erupting volcano, so that 
taking a point due west of Napier would not necessarily locate the 
situation of the volcano; it coiild equally be west of points many 
miles farther north, and several miles farther south. When the 
depth of these deposits at various points, together with the distribu- 
tion of the chalazoidites of this particular era of volcanic activity, 
are approximately known, it will then be possible to locate the volcano 
with a fair degree of accuracy. The identification of deposits else- 
where must be based on continuity with beds on the mainland having 
a similar order of deposition to those in Scinde Island, and to a 
considerable extent on the presence of chalazoidites. If in addition 
a diagram showing the winds at the suspect volcano could be applied 
to a map of the North Island, the distribution and thickness of these 
pumice beds would be found in agreement. 

It might appear that each different layer in Fig. 2 owed its 
origin to a different volcanic outburst, or even that several volcanoes 
were concerned. It scans unnecessary to assume more than one 
volcano, or perhaps a g^up of two or more close together, discharg- 
ing very similar material. The difference in texture of the lasers, 
and even chemical composition, could easily be explained on the 
theory of only one volcano. If a volcano discharged perpendicularly 
a vast quantity of pumice-dust high up into a relatively still atmo- 
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sphere, forming the well known mushroom^’ volcanic cloud, it ia 
clear that, with the crater as a centre, radii could be drawn in all 
directions, and that at any given point along any radius the coarse- 
ness of the pumice-dust woold be the same as at any other similar 
given point along another radius. Let us assume that layer 1, Fig. 2, 
represents the deposit that would be formed on the 80 mile circle — 
a distance certainly too great for the deposit of material from the 
mushroom eruption suggested, but since this is roughly the 
distance of Scinde Island from the present centres of volcanic 
activity it will do for the purpose of analogy. If now the volcanic 
eruption increased in violence the lighter particles would be carried 
farther, and at the 80 mile circle layer 2, a coarser, and for an 
equal duration of time, a stratum of greater thickness, would be 
deposited. Similarly, a diminution in intensity of the eruption 
would result in the formation of a thinner and finer stratum of 
material. A still more important factor would be the variations in 
force and changes in direction of the prevailing winds. In addition, 
changes in the chemical nature and in the sizes of the particles of 
the material ejected might occur at various phases in the volcanic 
activity, although this need not be invoked since the selective action 
of the wind on the various constituents of pumice-dust would be 
sufiicient. The presence of varying (Quantities of super-heated steam 
would, however, have a very marked effect on the chemical constitu- 
tion of the pumice, and this is probably the reason for the differences 
in the relationship of the amount of magnetite to hydrated oxides 
of iron, such as limonite, in the various layers. It would also- 
undoubtedly accelerate the change from pumice into the dense layers 
of pumiceous clays. The effect of varying quantities of water 
adherent to the particles of pumice on their rate of descent would 
also be important. Still further, it is likely that periods of inter- 
mission of activity would occur, and during these intermissions altera- 
tions due to weathering conditions would take place more rapidly 
in the most superficial layers deposited. For these reasons there 
seems no need to postulate two or more volcanoes at widely separated 
points, as with the various factors mentioned all the differences in 
texture and in chemical composition could be amply accounted for. 
At present it cannot be definitely stated that more than one volcano 
was not engaged in the process of formation of these layers, although 
it seems unlikely and unnecessary. 


DURATION OF VOLCANIC DISTURBANCE. 

In studying these volcanic deposits it is interesting to speculate 
as to what length of time was taken in their formation. Was it a 
period of time covering centuries, or were they deposited compara- 
tively rapidly in the course of a few months? It seems that the 
latter estimate is the truth. Certain of the layers, such as the 
ehalazoiditic layer, were probably formed in the course of a day or 
two — ^perhaps even in a few hours. That liiere were periods of 
intemission seems beyond doubt. Apart from the fact that inter- 
missions would be expected during the course of the deposition of 
beds comparatively so vast, probably 80 miles from the oenti^ of 
activity, there is evidence from an examination of the beds them* 
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selves that intermissions actually occurred. The unusual constancy 
of the layers throu^out the whole area of the island seems to be 
strong evidence of a comparatively rapid deposition. If each 
different layer were due to a distinct volcanic outburst separated 
by long periods of time it would be expected that weathering 
influences would have altered their nature and their stratification 
to a considerable extent. Certain layers, under the influence of 
weathering conditions, have become converted into extraordinarily 
tough reddish clay, which in exposed sections at the present time 
are particularly resistant to denudation. These, it is suggested, 
correspond to intervals of intermissions. On this view the first 
interval of intermission is represented by layer 5. The next would 
correspond to layer 9. This particular layer merges gradually into 
the underlying chalazoiditic layer, but it is sharply demarcated 
above, and its surface presents markings which seem to indicate the 
action of running water. In the lower part of this layer chalazoid- 
ites are firmly imbedded, and since these are of aerial formation there 
can be no doubt that there were chemical changes from pumice to 
clay subsequent to their deposition. These chemical changes, it is 
suggested, would not have taken place except for the influences of 
atmospheric and aqueous agencies, continued over a period of some 
time. Layer 13 also corresponds to an interval of intermission, and 
sometimes one or more beds of clay are found in the pumiceous 
ash above. These beds, corresponding to pex-iods of intermission, 
are red or brownish in colour owing to some hydrous oxide of iron 
(probably limonite), and magnetite does not seem to be present to 
any extent. Since magnetite is extremely re.sistant to ordinarj* 
weathering conditions it seems probable that the change actually 
took place in the volcanic crater or in the pumice cloud, and not 
to any extent in situ. There are other iron-stained layers which do 
not have the nature of pumiceous clay. As has been pointed out, 
the upper layers of these beds are inconstant, so that probably 
intervals of intermission were longer, or the nature of the beds 
rendered them less liable to be converted into pumiceous clays, so 
that they were more subject to denudation. 


•MOA-FOOTPRINTS AND MOA-REMAINS. 

During the course of excavations for the high reservoir on the 
Bluff Hill, Mr. Hill found footprints of the Moa in these beds, 
possibly in one of the layers which represents an intermission. These 
footprints may be used as evidence that intermissions did occur, 
and that some type of vegetation must have developed upon which 
the moa subsisted. 

The evidence of Mr. B. H. Pinch in dealing with the chala- 
zoidites of Maunaiki, as will be mentioned later, shows that human 
beings would not necessarily be overwhelmed by the falling volcanic 
ash, since the impressions of bare feet have been preserved in this 
layer. The moa would therefore not necessarily be destroyed at 
once, but would die from starvation. 
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METHOD OF FCMIMATION OP CHALAZOEDITES. 

In considering the method of formation of chalazoidites there 
appear to be three possibilities: 

(1) They may have been formed in the crater of the volcano. 

(2) They may have been formed in situ* 

(3) They may have been formed in the air, either above the 
volcanic crater or some distance from it. 

The first possibility may be exclnded at once. They are not 
'' lapilli^’ and show no definite evidence of vitrification, except 
possibly in the outermost layer. In dealing with the second pos- 
sibility Pratt states, That these aggregates have not resulted from 
solution processes is evidenced by the facts that they contain no 
calcium carbonate nor any other extraneous cementing agent, and 
that these beds in which they occur have certainly not experienced 
metamorphism.” The question as to whether they were spherulites 
which had undergone changes coincident with or following on the 
disintegration of the parent rock was considered. The absence of the 
radial structure typical of spherulites, and the nature of the beds 
themselves, overrificd this possibility. 

Dr. Ohashi, of the Akita Mining College, Akita, Japan, states 
in a letter that he has studied the method of formation by the 
following simple experiment. Fine, dry volcanic ash is put on to 
a dish and then a drop of water is allowed to fall on its surface. 
By rolling the drop of water about a chalazoidite is formed. I had 
tried this experiment previously with fine, dry volcanic ash from 
Scinde Island, and although it is true that a small globular body 
can be made, it lacks the cohesion and the structure of the true 
chalazoidite. In the upper part of layer 6 chalazoidites occur inter- 
mingled with coarse particles of pumice. It is clear that on the 
explanation suggested their formation is impossible unless they had 
been transported by water or wind action from elsewhere, which, 
in view of the constancy of the layers and their contour following 
that of Scinde Island, is impossible. There are also the differences 
in chemical composition of the matrix and the chalazoidites, part of 
them probably being primary and part due to weathering influences, 
which would be difficult to account for on this theory. There is 
also the final and conclusive evidence of Dr. Hdvey (9) who found 
them plastered on the walls of the houses in Precheur following 
the Martinique eruption, and also the statement of Pratt, already 
quoted, who has proved that they keep their form on falling into 
water. It may be taken that the usual method of formation of 
chalazoidites is not that described by Dr. Ohashi, although it seems 
a possible explanation under certain conditions. A chalazoidite 
when once formed, might conceivably shortly after its formation 
^llect further layers in the manner described by Dr. R. Ohashi, and 
in fact the ''tail” that is often present might be evidence that such 
accretions could occur, although this is not intimately adherent. 

Mr. Guthrie-Smith (10) has an interesting paragraph in his 
book, Tutira, in describing the formation of what he called pilules 
due to raindrops. "About the bases of bare scarps — ^Ihe unhealed 
scars of hillside slips — quantities of the finest dust accumulate in 
dry seasons. On these miniature screes of powdered soil fall the 
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first great drops of a western shower. The dust slope can neither 
retain the drops nor instantaneously absorb them. Striking the 
slope they gather earth particles on their downward course. While 
thus in motion, as if by miracle they change from liquid to solid. 
Metamorphosed first into ashen grey, and then into brown balls, 
these earthen pilules, preserving their shape but changing their 
substance, race madly downhill, bound downhill no longer clear drops 
from heaven, but minute circular solid globes of soil. With a faster 
fall of raindrops the process ends perforce; the dust heap becomes 
a mud torrent.’^ 

HAILSTONE THEORY. 

(a) Theory of Ascents and Descents: We are now left with the 
last and only possibility — ^viz., that they are of aerial formation. 
One theory 1 wish to suggest is that the formation of a chalazoidite 
is analogous to the formation of a hailstone. Quoting from the 
Encyclopaedia Brittamica, 1st edition, All hail is probably connected 
immediately with whirlwinds more or less developed, and it is when 
the hailstorm is one of the phenomena attendant on the tornado or 
on a great thunderstorm that it assumes its most destructive form. 
The theory of the formation of hail has been stated by Ferrel in 
his Meteorological Researches for the Use of the Coast Pilot. The 
vapour carried aloft by the gyrations of the tornado is below a 
certain height condensed into cloud and rain, but above that height 
into snow. liCt the raindrops formed below be carried up into the 
snow region by the powerful ascending currents of the tornado and 
be kept suspended there a little while and they become frozen into 
hail. If now these be thrown quite outside the gyrations of the 
tornado they fall to the earth as a shower of compact homogeneous 
hailstones of clear ice of ordinary size. If, however, they are caught 
in the descent and carried towards the vortex by the inflowing 
current on all sides they are again rapidly carried aloft into the 
freezing region. A number of such revolutions of ascent and descent 
may be made before they fall to the earth. While high up in the 
snow regions the hailstones receive a coating of snow, but while 
traversing the region lower down where rain yet unfrozen is carried 
up they receive a coating of solid ice. Thus, alternate coatings of 
snow and ice are received, and the number of each sort indicates 
the number of revolutions described before the hailstones fell to the 
ground. 

In the various descriptions of hailstones their size and structure 
vary in the same way as the chalazoidites. 

At the time of the deposition of the chalazoiditic layer there was 
a vast cloud of pumice over the whole district, including Scinde 
Island. In this drifting cloud the coarser and heavier particles 
would be in process of descent at a more rapid rate than the finer 
and lighter particles at a higher level. The temperature would be 
relatively high, as pumice is a poor conductor of heat. Each particle 
of pumice at what might be called the ‘‘water-lever’ in the cloud 
would be surrounded by a thin film of water. In addition the 
capacity of air for holding vapour would increase with the tempera- 
ture. At 30® P. the maximum weight of water absorbed by air in 
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grams per cubic foot would be 1.94, at 70® F. 7.98, while at 160® F. 
it would be 19.7. If as a result of a decrease in temperature of the 
-cloud due to dissipation of its heat during its journey towards Scinde 
Island, or to the meeting of colder currents of air coming from the 
sea — the land breeze — ^then condensation of its moisture would occur. 
These particles of pumice with their moisture under the influence 
of surface-tension woxild tend to coalesce to form a nucleolus, and 
this in turn would aggregate to itself other particles to form a 
nucleus. This would account for the relatively loose structure of 
the nucleus. If the graph in Fig. 4 is accurate it is possible to 
infer that chalazoidites up to about 70 mg. in weight may have had 
their origin at roughly the same level in the cloud of water-charged 
pumice-dust, and that the variations up to this size were dependent 
on the amount of water-vapour immediately available. Chala- 
zoidites more than about 70 mg. in weight owe their size to addi- 
tional laminae the dense ones possibly composed of finer constituents 
possessing a lesser specific gravity, and probably with lesser quan- 
tities of water, whilst the less dense ones had coarser dust and a 
greater proportion of water. It is even possible that the particles 
of pumice-dust forming the nucleus and capsular layers were origin- 
ally of about the same size, but those that were in the lower part 
of the cloud were there, partly owing to an increased amount of 
water, accelerating their descent. This idea alone would explain 
satisfactorily the differences in density of the laminae, but not the 
differences in chemical composition, assuming that these differences 
were present at the time of formation of the chalazoidites. It would 
not explain the fact that chalazoidites below 70 mg in weight are 
all definitely laminated in structure. Such factors as the varying 
specific gravity of the minerals present, the size of the constituent 
particles, and the amount of water-vapour at various levels, would 
be operative and need consideration. If the small chalazoidites were 
carried by an ascending current of air into a layer of more finely- 
comminuted dust, or dust with a lesser amount of water-vapour, 
then the dense lamina would be accounted for. If they then fell 
hack through the cloud into the ‘‘water-lever^ a coating of dust, 
each particle surrounded by water, would result in a lamina that 
was not so dense. If this process were repeated several times the 
complete chalazoidites would be accounted for. The essential diffi- 
culty of this theory is that if the ascending current were strong 
enough to raise the partly formed chalazoiditc to a higher level it 
would also carry the coarser particles that composed it to the same 
level. 

For the purpose of testing this theory it was thought that 
estimations of the amounts of magnetite would be valuable. It would 
be expected from its more rapid descent, due to its greater specific 
gravity, that it would be in greater abundance in the matrix than 
in the chalazoidites, and greater in amount in the small ones than 
in the large ones. On testing, as explained previously, this actually 
appeared to be the case. If the possibility of the leaching out of 
certain constituents, or the possibility of the addition of others were 
excluded, the differences would be accounted for on the theory that 
has been outlined. Examination of a large chalazoidite from Taupo 
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showed the glass-laths to be finer, and the flocculeut elay-like particles 
to be more numerous in the capsular layers than in the nucleus. 
This again wotild be valuable evidence in favour of the theory, but 
these capsular layers are most liable to the decomposition that would 
produce a similar appearance. 

(b) Theory of Direct Descent: Ordinary summer hail is merely 
frozen raindrops, so that this method of formation for the chala- 
zoidites may be invoked. It could be assumed that the chalazoidite 
commenced as a central nucleus at a level in the pumice-cloud where 
water was abundant, and that in its descent it passed through various 
clouds of pumioe-dust having varying humidities, and that these each 
in turn gave alternately a dense or less dense lamina. Another 
possibility is that a “drop” of water formed around a nucleus of 
pumice particles and that in its descent it collected films of pumice 
dust which would result in laminae. On this theory the mzes of 
the chalazoidite would be dependent on the following factors: — 

(1) The height of the water-charged pumice-cloud in which 
it originated, which would be dependent on the tempera- 
tui’e. 

(2) The quantity of water and the amount of dust imme- 
diately available in this cloud to form a larger or smaller 
nucleus. 

(3) The number and thickness of pumice-clouds through 
which it passed in its descent. 

(4) The relationship of the amount of pumice-dust to the 
amount of water necessary to form a dense or less dense 
lamina, or no lamina at all, in passing through these 
clouds. 

.. Rather against this theory of direct descent are the more or less 
regular alternate laminae of dense and less dense rings This would 
seem to presuppose that clouds containing var^dng quantities of water 
occurred at alternate and fairly regular intervals, and that the 
dilferenco in density of the laminae is dependent on the varying 
amounts of water surrounding the particles of pumice. A still 
further curious characteristic is that the laminae appear to be of 
rather constant thickness, whether dense or less dense. It seems 
verj unlikely that alternate clouds of pumice would occur, as 
required in this theory. In dealing with this question it seems clear 
that the smaller chalazoidites do not represent the nucleus of the 
larger chalazoidites, since they present evidence of lamination, indeed 
the nucleus of the larger chalazoidites appears to be homogeneous 
except for the nucleolus. 

It seems even possible that both theories of formation may have 
been operative. The upper part of the chalazoiditic layer, where 
the chalazoidites are ^ such constant size, shape, and structure, 
suggests that their manner of formation was identical, and that the 
theory of direct descent might be the correct one. In the lower part 
of the layer, where there is such great divergence in .size, the condi 
tions of formation were possibly not identical, and the theory" of 
ascents and descents may be correct. Even then the difference in 
the amount of water available and the size of the initial mud ball 
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may be explainable on the theory of direct descent. The drops in 
a sudden tropical downpour of rain are often first of large size, but 
later become of uniform size. It is, however, clear in Scinde Island 
that the first drops were small, and were succeeded later by a mixture 
of large and small ones, and again later by small drops. Then, of 
course, the sizes of the drops may have varied in different localities 
even a comparatively short distance apart. In favour of this theory 
is the fact that the particles entering into the formation of the 
nucleus of both large and small chalazoidites appear to be about the 
same size, and appear to have the same porosity. The argument of 
the fineness of the constituents of the capsular layer, and the differ- 
ences in the amount of magnetite cannot ^ used, as they may equal^ 
be due to decomposition influences. The only method of obtaining 
any satisfactory evidence on this point would be the examination of 

recently fallen chalazoidites if they were available. 

« 

The question now arises as to whether these chalazoidites were 
formed in the air above Scinde Island or actually over the mouth 
of the crater. In either case one or both methods described may 
have been involved in their formation. If they were formed above 
the mouth of the crater there would be no difficulty in their trans- 
portation, as pieces of pumice (even in the dry state) as heavy as 
the large chalazoidites are abmidant in other parts of these layers. 
There are, however, no coarse fragments of pumice in the chala- 
zoiditic layer, and it is clear from the table showing the gradings 
that all the material reaching Scinde Island at that time was of fine 
texture. When the distribution of the chalazoiditic layer is taown 
farther inland it will almost certainly be proved that the pieces of 
pumice will become progressively larger as the site of the volcano 
is approached. Were this evidence available it would be proved 
from their weight that the chalazoidites were formed over Scinde 
Island. As the position stands at present there is very little doubt 
that this is what actually occurred. The possibility that the chala- 
zoidites were formed above the volcanic vent, and that the extra- 
ordinary density of the capsule is due to the effects of heat and not 
dtxe to solution processes would supply a simple explanation for their 
cohesion, but for the reasons already given this seems unlikely for 
Scinde Island specimens. There is no reason, however, why this 
explanation should not apply in some cases, particularly to those 
chalazoidites formed above and falling in the vicinity of the erupting 
volcano. One other possibility as an explanation for the semi- 
vitrification of the outermost layer of some of the chalazoidites has 
to be considered. The pumice-cloud, as already pointed out, would 
be at a relatively high temperature. It seems probable, with the 
high-tension electric conditions present, that more heat might be 
generated from electric discharges round about some of the chala- 
zoidites after their formation, and might result in their outer coats 
being semi-vitrified. This would explain why some at least retain 
their cohesion even on falling into water. The evidence against this 
is, however, conclusive. Any explanation for the cohesion must be 
universally applicable— the above is not, since not all chalazoidites 
show evidence of semi-vitrification. In the Martinique eruption the 
chalazoidites were found plastered against the walls of the houses. 
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and in the island of Maunaiki the chalazoidites have been found 
squashed out by human footprints. A study of their shapes in 
Scinde Island and elsewhere is all in favour of most, if -mot all, 
being in a plastic condition on striking the earth. The semi-vitrifica- 
tion, whether a primary condition or a secondary condition due to 
solution processes, is not a sufficient explanation of their cohesion. 

There are at least three essential conditions necessary for the 
formation of chalazoidites: 

(1) The presence in the atmosphere of pumice-dust in a fine 
state of subdivision, and in a certain degree of concentra- 
tion. 

(2) The presence of a considerable proportion of water. 

(3) Certain chemical conditions must be present to allow of 
the chalazoidites becoming coherent on drying. 

Exactly what is the relationship between these factors offers 
a very interesting field for further research. There is no evidence 
to show that all the water in the pumice-cloud was used up in the 
formation of chalazoidites; if so, a considerable amount may have 
descended with the pumice-particles that constitute the matrix. 
There is possibly another factor involved in the formation of the 
chalazoidite — viz., the presence of magnetite. In chalazoidites from 
Vesuvius, as would be expected from the basic nature of the material 
ejected from that volcano, magnetite is present in larger quantities 
than in Scinde Island specimens. 

After the formation of the chalazoidite one other factor has to 
be considered — viz., the surface on which they fell. ‘‘ It is probable 
that only when they fall on soft unconsolidated beds of recently- 
fallen tuff is their form preserved under sub-aerial conditions.’' 
(Pratt). 

LITERATURE DEALING WITH CHALAZOIDITES. 

It is an extraordinary fact that in spite of the large amount 
of literature that has appeared in the past concerning Scinde Island 
geology, no menlion has, up to the present, been made of chala- 
zoidites or of their occurrence in other parts of New Zealand. Mr. 
W. Kerr drew attention to them in an address to the H.B. Philo- 
sophical Society about 20 years ago, but regarded them as having 
been formed by the action of rain drops following on the pumice dust. 
There is no doubt that they are of widespread distribution, not only in 
New Zealand but in other parts of the world, but references in the 
literature are very few. At the time of reading this paper I was 
unaware of any previous work having been done on this subject, 
and it was not until I communicated with Dr. J. Marwick, Govern- 
ment Palaentologist, to whom I am deeply indebted for many useful 
suggestions, and to Mr. L. 1. Grange, Government vulcanologist, that 
I learned of the existence of the literature, the following references 
to which they supplied me. As the subject is new to New Zealand 
and seems^worth much further study, I propose to give rather full 
extracts from the papers that are accessible. The references are: — 
Hovey in Amerioan Journal of Soience, 14 (1902) ; Lacroix, La 
Montague Pelee, Paris (1904) ; Pratt, Journal of Geology, vol, 24 
(1916) ; Jaggar, Bulletin Hawaiim Volcano Observatory, 9 (1921) ; 

00 
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and Ferret, The Vesuvius Eruption of 1906,^^ Carnegie Institution 
Publication No. 339 (1924). 

The account of Dr. Edward Otis Hovey (11), who observed these 
drops of mud'’ after the eruptions on Martinique in 1902, is as 
follows : — 

In addition to the showers of dry dust and ashes, there fell 
during the eruption an immense aftiount of liquid mud which had 
been formed within the eruption cloud through the condensation of 
its moisture. This mud formed a tenacious coating over everything 
with which it came in contact. The drops of mud, too, formed in 
the air and fell as a feature of the eruption, is proved by the 
conditions of the walls of the houses in Precheur, on which I found 
flattened spheroids of dried mud which could have formed only in 
the manner indicated. These flecks of mud were two, four, and even 
six inches across, where two or more had coalesced. They occurred 
mostly on the northern and eastern walls of the houses. The testi- 
mony of the people as to the occurrence of rain during the great 
eruption is conflicting, but the evidence of the coating and these 
drops of mud proves that much aerial condensation of steam accom- 
panied these outbursts." 

As previously pointed out, this account is the most conclusive 
as to the actual method of formation of chalazoidites. 

Wallace E. Pratt, in an article entitled, *^An Unusual Form of 
Volcanic Ejecta" (7), has given the most complete account hitherto 
of the chalazoidites. In the course of a study of the eruption of 
Taal Volcano in south-western Luzon, Philippine Islands, during 
the month of February, 1911, when 1,335 people were killed, he 
commented on the presence of spherical bodies in the ash fall at 
the time as follows: — 

^^An interesting feature of the fall of the ejecta is the forma- 
tion of drops or balls of mud. These were observed most abundantly 
on the island itself, but were seen at Talisay and Banadero also. 
They range in size from large shot to hazelnuts, and when broken 
sometimes show concentric markings. Apparently they fell late 
during the activity, being found just below the surface of the deposit. 
These mud balls cannot be classed as lapilli in the strict sense of 
that term, since they are built up, probably through the condensa- 
tion of steam into drops of water." 

It will be noted that the chalazoidites are larger than any 
found in Scinde Island, and that some presented concentric mark- 
ings. It is certain that staining methods would show this structure 
to be universal, a fact which Pratt later regarded as characteristic. 
In a figure of a vertical section taken on the south-west slope of the 
volcano his chalazoiditic layer is about five inches in thickness; in 
the lower part the larger chalazoidites occur, while in the upper part 
are smaller chalazoidites of more nearly uniform size, an arrange- 
ment similar to that found in Scinde Island. The two layers are 
separated by fine volcanic ash. 

Later chalazoidites were found on the slopes of Mount Maquil- 
ing, an extinct volcano 20 kilometres north-west of Taal. These, in 
rare specimens, attained a diameter of 4 centimetres, thus being 
comparable in size with the chalazoidites observed by Dr. Hovey. 
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On Bondoc Peninsula, Tayabas, and near the Santa Lutgarda 
iron-mine lit Angat Bulacan Province, widely separated parts of 
Luzon, he found dbalazoidites in slightly-indurated tuff dating back 
probably to the late Miocene. In his description he describes the 
chalazoidites fits volcanic hailstones, and mentions that they are 
dependent on volcanic disturbances in which large quantities of 
water-vapour with fine pumicc-dust are ejected. 

The reference by Jaggar is entitled ‘‘Fossil Human Footprints 
in Kau Desert.^' 

In the spring of 1920 during visits of Maunaiki, Mr. R. H. 
Finch discovered the prints of naked human feet in old beds of 
volcanic ash about 6 miles from Kilauea. 

“ In current exploration of the desert these ancient trails have 
been photographed and knowledge of them is increasing. The prints 
are pres(‘rved by solidification of the ash mud through the agency 
of a carbonate or sulphate crust. This is the pisolitic ash which 
increases in thickness nearer to Kilauea. Tlie pisolitic spheres give 
evidences of mud rains, and the footprints have invariably been 
found in the layers showing the solidifit^d raindrops. The squashing 
out of the mud from under the bare feet is shown in the hardened 
impressions (Figure 22). . . . There is no possibility of these foot- 
])rints being modern, for the natives of this high country rarely 
go barefoot, this ash does not make mud patcln^s to-day, and the 
solidified shell in which the footprints are lithified was a product 
of the acid volcanic gases, mingled with mud rains, which were 
distinctive in the 1790 eruption. 

This is an extremely interesting account, as the flattening out 
of the chalazoidites under the bare foot shows that they must have 
been very soft when they struck the earth. It also demonstrates 
that the concentration of pumice-dust in the air was not so great 
as to overwhelm a human being. It is interesting also that fossil 
moa footprints should be found in the volcanic layers of Scinde 
Island. 

In his account of “The Vesuvius Eruption of 1906'^ (13), Frank 
A. P(‘rret states: — 

‘ ‘ Still farther on, and more especially upon the mountain itself, 
the down-sweeping ash became conglomerated through condensation 
of the water-vapour in the crater-cloud, forming balls of soft mud, 
some as large as an egg. During the two following days the pro- 
duction l)y this means of ‘pisolites^ was on a gigantic scale, although 
they were of small size compared with others found by the writer 
at Kilauea, and among the ancient ejected material of Vesuvius 
(Fig. 33). 

^Similar pisolites are abundant in the ash scattered over the Kau 
desert by the great explosive eruption of Kilauea in 1789. See T. A. Jaggar, 
Bull, Hawaiian Vole. Observ,, 9, p, 114, 1921. Specimens of these collected 
by H.S.W. in 1920 vary from 2 to 6 mm. in diameter. Pisolites were found 
also by Lacroix in some ash^beds of Mont Pel6e (Lo Montapne PelSe, Paris, 
1904, p. 419), and by Pratt at Taal. Luzon (Jour, OeoK vol. 24, p. 450, 1916). 
(H.S.W.). 

^Note hy J. Marwick: The reference given by Perret in the original 
is Bull. Haw. Vol Observ., 8, p. 114, 1290. This is an error. I have given 
the correct reference above. The H.S.W. stands for H. S. Washington, an 
American geologist. 
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In the South Kensington Museum in London I recently had the 
opportunity of seeing some specimens of chalazoidites which fell at 
Bella vista, near Portici, during the Vesuvius eruption of 1906. These 
are about the same size as those occurring in the upper part of the 
Chalazoiditic Layer in Scinde Island, and present about the same 
proportion to the matrix. They are, however, very much darker in 
colour, in response to the more basic material of which they arc 
composed, and there is an increased amount of magnetite. Examina- 
tion under the microscope shows them to be forjned of a crystal 
tuff/^ in contradistinction to Scinde Island specimens, which are 
formed of a ‘‘vitric tuff.’’ In the Monticelli collection from Vesuvius 
there were specimens which fell during the eruption of A.D. 79, 
when Herculaneum and Pompeii were overwhelmed. These are 
remarkably similar to those found by Mr. Hill at Taupo, in appear- 
ance, size, and structure. The ‘‘taiP’ to which attention has been 
drawn was often present. I am informed by Dr. R. Ohashi that 
chalazoidites are well known in the volcanoes of Japan, particularly 
Oshima in the Pacific, near Tokyo, although apparently nothing has 
been written concerning them. From the Volcano Letter (14) it 
appears that chalazoidites have been described in western Germany . 

While this paper was awaiting publication, Dr. J. Marwick 
kindly' forwarded me an account by' Drs. A. R. Richards and W. II. 
Bryan of volcanic mud-balls from the Brisbane Tuff (15). Tlie 
authors have found chalazoidites, or spheroids as they call them, at 
Castra on the right bank of the Tingalpa Creek, twelve miles east- 
south-east of Brisbane. The beds in which they occur are v(‘ry' 
similar to the Brisbane Tuff” of Upper Triassic age which is 
typically developed in and about the city of Brisbane. The account 
is rather brief, but from the details that are given some very interest- 
ing comparisons can be made. The larger chalazoidites were found 
as seems usually to be the case, in the lower part of the tuff, and the 
smaller ones towards the top. The largest specimens measured 2r)-.‘10 
mm., and are thus comparable to the Taupo specimens. In separat- 
ing the chalazoidites from tuff in the middle of the section, by' 
means of sieves with meshes of 11, 9, 6, and 4 mm. respectively, the 
largest number were in Group C — 6 4 mm. Practically^ all the 

specimens collected from the higher part of the section belonged 
to Group D — 6 + 4 mm. With regard to Scinde Island specimens, 

I have pointed out the same remarkable uniformity in size and weight 
of the chalazoidites in the upper part of the Chalazoiditic layer. 
The exi)lanation of thi» fact must be left to the meteorologist, and 
opens up questions of the very greatest interest. The concentric 
structure was noted, although some specimens were thought to bo 
homogeneous. Staining methods were not employed. I am inclined 
to believe that concentric lamination is a constant feature of all 
chalazoidites of whatever size. The density of the outermost layer 
is mentioned as ‘*a skin of material with a glazed surface” and its 
probable effect in accentuating differences in chemical composition 
between the chalazoidite and the tuff in which they are imbedded is 
suggested. The authors suggest the ‘‘hailstone theory” as the 
probable explanation of the formation of the chalazoidite. They 
point out that in the volcanic outbursts of Castra and those in 
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Luzon, where the Taal volcano is actually within a lake, close 
proxmity to large bodies of water seems to be one of the factors in 
chalazoiditic formation. This seems likely enough, and should the 
volcano responsible for the formation of chalazoidites in Scinde 
Island be found to be to the south of Lake Taupo it would be another 
case in point. 

It was suggested to the authors that these mud-balls from Bris- 
bane, after being formed high above the volcano, became dried and 
hardened in their final descent through the hotter air nearer the 
volcanic vent, and the outermost parts in particular became glazed 
and indurated, and thus gave the mud-balls sufficient strength to 
withstand the shock of impact, whether they fell into the water of 
a Triassic lake, or into loose finely-comminuted volcanic ash. They 
have noted that the short axes are perpendicular to the bedding- 
planes of the tuff, which they suggest is the result of the pressure 
of the sediments added to the series. They consider the constant 
flattening of their chalazoidites to be due to pressure, which seems 
unlikely to have had much effect, since deformation of a bod;^ with 
a hard glazed outer skin imbedded in volcanic tuff would be difficult. 
The probability seems that they were in a plastic state on striking 
the earth. 

Pratt has suggested that conditions peculiar to the tropics, such 
as high temperature and perhaps excessive humidity, are essential 
in the formation of clialazoidites. The authors are rather in favoiir 
of this view. They point out that the cosmopolitan nature of the 
floras of Bhaetie and Jurassic times, when little difference existed 
between the plants of sucli widely separated places as Greenland, 
Ceylon, and Antarctica, suggests that there was a uniformly moist 
and hot climate spreading from pole to pole. It was in these tropical 
conditions that the chalazoidites of Castra wore formed. 

The occurrence of chalazoidites as far south of the equator as 
Napier, and as far north as Naples in Pleistocene and in Recent 
times respectively, disproves the view that tropical conditions are 
necessary, though a Tiigli temperature of the pumice-cloud itself may 
be important. On the conditions that I have postulated for their 
formation they should be found in the ejecta of the volcanoes of 
Antarctica and Alaska as frequently as in the volcanoes of tropical 
countries. The statement that chalazoidites are a rare form of 
volcanic ejecta is probably incorrect. It is likely that now that these 
bodies are begininng to be recognized, they will be found in every 
volcanic country, and that knowledge of their distribution, both in 
recent and in geological times, will increase rapidly. 

Richards and Bryan Zoc. cit. have considered the question of the 
centre of the eruption which resulted in the formation of their chala- 
zoidites, and locate the source of activity to the east and south-east 
of Brisbane (i.e., towards Castra) in a region now foundered below 
sea-level. It is very interesting that the chalazoidites in Scinde 
Island are about 80 miles from the nearest present centre of volcanic 
activity — a greater distance than any hitherto recorded. If the 
conditions necessary for their formation that I have outlined are 
correct, there is no reason why they should not be found at even 
greater distances. 
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Illustrations show that the Brisbane chalazoidites are very 
similar to Seinde Island specimens in size and shape, although some 
are much larger. The series showing decoi1;ication resulting from 
weathering is interesting since fractures are also present. The 
polished sections show a well defined capsular layer, and also in 
some specimens, an eccentric nucleolus or nuclear point. 

Conclusion. 

It seems that a study of volcanic layers will acquire more import- 
ance as knowledge of them increases. In an eruption, for example, 
in Miocene times, where volcanic material had covered a widespread 
area of country, it seems extremely probable that much valuable 
information would be obtained as to the contemporaniety of various 
deposits, and what effect influences such as climate, depth of water, 
etc., have had in altering the fauna and flora, if this particular 
volcanic deposit could be identifled by its continuity and its physical 
and chemical peculiarities. The account that has been given of the 
chalazoidites is incomplete and so far unsatisfactory, but further 
research will undoubtedly solve many of the intricate problems they 
present. There is no doubt that chalazoidites show differences in 
chemical composition, and in physical properties, depending on their 
sizes, and very interesting graphs could be prepared showing these 
differences. The explanation of these graphs, and the solution of 
the problem as to the cause of the cohesion of the chalazoidites, 
might not only be of value commercially in employing pumice for 
constructional works, but also give help in explaining their method 
of formation. If these researches are undertaken the object in writ- 
ing this paper will have been attained. 

In conclusion I wish to offer my thanks to the various people 
mentioned in this paper, and also to Prof. John A. Bartrum, Mr. 
and Mrs. Harwood, Mr. P. L. Hickes, Mr. E. A. Aldridge, and to 
Drs. R. S. R. Francis and A. R. Ford, for very valuable help. 
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Colloid Substances formed by Abrasion. 

By P. Marshall, M.A., D.Sc., P.6.S. 

(Hector and Hutton Medallist). 

[Read before the Wellington Philosophical Society ^ July 11th, 1928; received 
by Editor, 26th September, 1928; issued separately, 

23rd November, 1928.] 

That matter in the colloid state is delivered by rivers to the ocean 
where it is promptly coagulated, has long been known. It has also 
lately been shown by Lenher, as a result of experiments on silica 
submitted to abrasion in an Abbe Ball Mill, that colloid matter could 
be produced by mere abrasion. In this case, however (Lenher, Journ. 
Am. Chem. Soc. 43 (3), 1921, pp. 391-392), the abrasion was per- 
formed under dry can^tions. The meal produced by the action of 
quartz pebbles on quartz sand during 400 hours was digested with 
water and the solution obtained, which was not completely trans- 
parent, was evaporated. The residue was treated with hydrofluoric 
acid. It was considered that 0.028 - 0.032 gm. of silica had passed 
I)ermanently into the state of solution. 

Twcnhofel states that abrasion probably produces matter of col- 
loid dimensions, but the nature and the quantity of it are not esti- 
mated. (Twenhofel, W. H. Treatise on Sedimentation 1926, p. 87). 
He also quotes Lenher. 

The classical experiments of Daubree 1879 (Daubree A., Etudes 
synthetiques de Geologic experimentale, Paris 1879, vol. 1, p. 271) 
were performed with feldspar fragments in pure water, water satu- 
rated with CX)^ and with salt water. Some of these were abraded 
in an earthenware container, others in one of iron. The effect was 
greatest when the latter was used with pure water. Three kilograms 
of feldspar were treated in his abrasion machine in 5 litres of wate^ 
foi’ 192 hours. In that time 2.72 kilograms had been worn into clay. 
It was found that the solution contained the following substances 
estimated in percentages, referred to the weight of the original feld- 
spar : potash 0.415, alumina 0.0009, silica 0.0006. Daubree states that 
the oxide of iron formed attacked silicate of potassium which liber- 
ated potash. At that time there was no knowledge in regard to the 
colloid condition of matter. It is notable that Daubree showed that 
the solvent action of salt water on feldspar under the conditions of 
the experiment is incomparably less than that of fresh water. Joly 
has subsequently shown that the solvent action of sea water is greater 
than that of fresh water (J. Joly, Cong. Geol. Infer. 8, 1901, p. 779). 

Recently when making experiments on the rate of abrasion of 
greywacke gravel in a Deval machine with the iron containers charged 
with two litres of fresh water, it was found {Trans. N.Z. Inst. 58, 
1927, p. 507) that after all the suspended matter had settled from 
the water employed, during a period of rest of three months it was 
still coloured though quite transparent. The coloration appeared 
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perfectly uniform from top to bottom of a column 20 ctn. high, and 
it was concluded that the material which caused the coloration was 
not affected by gravitation. It was therefore suggested that 
the effect was due to matter in the colloid state {N.Z. Journ, of 8ci. 
and Tech,, 1928, vol. 9, p. 336). 

At that time all the solutions available had been so diluted by 
the measures taken to determine the fineness of grain of the sus- 
pended matter that it was not practicable to investigate the sup- 
posed coUoid material. 

Further experiments have now been made and stronger solutions 
have been obtained. In a particular instance, 5,000 grams of grey- 
wacke gravel of the following grades were used: 7.62 - 6.35 cm., 
762.5 gm., 6.35 - 5.71 cm., 1694.2 gms., 5.71 - 5.08 cm., 1698.7 gm., 
5.08 - 3.81 cm., 799.6 gms., 3.81 - 2.54 cm., 44 gm. 

After movement for 24 hours in 2 litres of water at the rate of 
32 turns per minute, approximately 1 mile per hour, 307 grams of 
suspended matter finer than 0.07 mm. in diameter were produced. 
A dark reddish-yellow but transparent liquid, uniform in appear- 
ance throughout, remained after 100 days^ settlement. 

The liquid was strongly opalescent. When 100 cc. were evapor- 
ated, 0.147 grams of material remained on the dish. Of this 0.048 
grams were dissolved on treatment with water and were afterwards 
found to be sodium carbonate. The total amount contained in solu- 
tion in 3850 cc. of water was therefore 5.66 grams of which 1.31 
grams were sodium carbonate, leaving in the water 4.35 grams of 
suspensoid material which did not settle. 

Much of this material was deposited when half of the liquid had 
been evaporated. Before the residue became dry a gelatinous condi- 
tion was noticed. 

This residue was fused with sodium carbonate and its constitu- 
ents were estimated by the ordinary methods of silicate analysis, 
when the substances isolated gave the following percentages. Table 
1, No. 1. 


Table 1. 



1 

2 

3 

4 

5 

6 

SiOn 

38.36 

48.72 

1 

61.38 

62.10 

54.48 

69.77 

AlA 

.10.20 

1 12.08 

15.32 

16.06 

15.94 

14.89 

. . 

17.48 

2i.80 

3.85 

11.83 

8.66 

6.99* 

CaO 

> 2.04 

! 2.56 

3.27 

0.28 

1.96 

4.86 

MgO ...... 

trace 

1 


0.50 

3.31 

3.74 

MnO 

trace 



' 0.56 

1.21 

0.09 

K.0 

2.86 




2.85 

2.98 

Na,0 __ 

11.02 ; 




2.05 

3.25 

CO, „ 

7.81 






H,0 1 

9.68 

11.54 

10.92 

4.50 

7.04 

2.02 


1 



4.16 

1 various salts 


1. Composition of the total residue. 

2. Composition of portion insoluble in water after drying. 


* Part as FeO. 
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3. Eecalculation of (2) after reduction of iron to 3.85 per cent. 

and subtraction of equivalent weight of water. 

4. Red clay, J. S. Brazier Challenger Expedition quoted by 

Clarke (Data of Geochemistry 1916, p. 513). 

5. Average red clay Clarke (lx., p. 514). 

In all probability 90 per cent, or more of the iron was derived 
from the iron container. If the amount derived from the rock is 
estimated as 3 per cent., there is left 18.80 per cent, as the amount 
derived from the container. If this were in the form of feme 
hydrate it would have 3 per cent, of water combined with it. The 
material presumably derived from the rock is thus reduced by 21.80 
per cent. If the composition is recalculated on the new basis the 
result in Table 1, No. 3 is obtained. 

This result agrees rather closely, as far at least as the main 
constituents are concerned, with an analysis of abyssal red clay 
quoted by Clarke (Data of Geochemistry, 1911, p. 489) as typical of 
that material Table 1, No. 4. On the other hand, Clarke (lx., p. 490) 
gives a (*ompositc analj^sis of 51 samples of red clay (Table 1, No. 5) 
by Hillebraiid and Sullivan. Here it is noticeable that alkalies which 
do not appear in Brazier's analysis amount to 4.90 per cent.; with 
potash in excess of soda. 

The tendency of the alkalies to combine with some of the metallic 
oxides under deep water abyssal marine conditions is, however, 
demonstrated by the occurrence of phillipsite crystals so frequently 
in red clay and of glauconite in off-shore sediments. In both of these 
substances potash is in greater amount than soda. 

The similarity of the composition of this colloidal matter to that 
of red clay is possibly of no importance, as the two main constituents 
at least have much the same proportions as they have in the average 
composition of the surface rocks of the earth (Clarke l.c., p. 32). It 
is, however, suggested that there may be some significance in the 
resemblance as showing that a possible origin of the red clay may 
be found in colloid matter, formed by abrasion on coast-lines, which 
in the state of minute floccoids might well be distributed over the 
uttermost parts of the ocean. 

It is notable that potash is in gi^eater amount than soda in the 
analyses of shale as quoted by Clarke (l.c., p. 32), the relative 
amounts being 3.24 per cent, potash and 1.30 per cent. soda. These 
substances must ultimately have been derived from igneous rocks in 
which the average relative percentages are potash 2.99 and soda 3.40. 

It would seem from this that either the potash silicates are less 
affected b}’ processes of destruction than the corresponding sodium 
silicates or that the potash of the soluble sea salts enters into combina- 
tion with silica more readily than soda. This may be related to the 
ascertained fact that soil retains the potassium of a solution of salts 
of that metal (Clarke, l.c., p. 211). 

The general occurrence of phiUipsite and frequent presence of 
glauconite, in regions to which colloid matter only could be borne — 
unless the idea of decomposition of floating pumice be accepted — sup- 
ports the suggestion that potash contained in the dissolved salts of 
sea-water can enter into combination with silica and hydroxide of 
iron and alumina whm in the colloid state. 
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A distinctly different view is put forward by Clarke {lx,, p. 
128) : ‘‘The oozes of the deep sea have been partly leached of their 
alkalies, but some of the potassium of the original volcanic material 
has been retained in the formation of zeolites. Nearer land potassium 
has been used in the formation of glauconite and still nearer when 
mechanical sediments appear a similar discrimination is evident — 
sodium is dissolved and potassium is held back.’’ 

In discussing the formation of glauconite, Clarke says (Clarke, 
lx., p. 578) : “Probably in all their occurrences the final reaction is 
the same, namely, the adsorption of potassium and soluble silica by 
colloidal ferric hydroxide. In the ocean these materials are pre- 
pared by the action of decaying animal matter upon ferruginous 
clays and fragments of potassium bearing silicates.” 

Scott makes the following suggestion: “At some stage during 
the deposition of sediment the latter may contain rock detritus in 
such a state of dccomi>osition that it readily on hydration assumes 
a gel fonn. This gel will consist mainly of silica with subordinate 
alumina and ferric oxide. Percolating solutions containing alkalies, 
iron salts, etc., will be liable to diffuse through the gel moss and 
during this diffusion the salts will undergo d&erential adsorption. 
Ferric oxide will be precipitated while potash will be adsorb^ in 
preference to soda. The well-known occurrence of greater amounts 
of the former in preference to the latter in clays and soils is in 
favour of this differential action. Finally the gel will harden to give 
glauconite.” (A. Scott, “The application of colloid chemistry to 
Mineralogy and Petrology,”* B.A.A.S., 4th Rep. on colloid chemistry, 
1921, p. 237). 

Harrison and Jukes separated the pumiceous matter in a sample 
of oceanic red clay by chemical means and state that it was appar- 
ently unaltered. This suggests that silicates remain unaltered under 
deep water oceanic conditions. (Harrison and Jukes Brown, “Chemi- 
cal ('Composition of Oceania Deposits,” Q.J.G.8. 51, 1895, p. 315). 

The solution obtained from the container in which the abrasion 
had been performed was submitted to several tests, as follows: — (1) 
Ammonia gave no precipitate. This seemed significant seeing that 
a third of the matter in solution consisted of iron and alumina. (2) 
Hydrochloric acid even in small quantitj at once gave a large preci- 
pitate. (3) Flocculation took place quickly when sea water was 
added. In different tests the substances were mixed in the following 
proportions : 

Sea Water- Colloid Solution: 

1 10 

10 10 

10 1 

25 1 

250 1 

In the lavst two cases the floccules separated and subsided very slowly. 
When the sea water was 250 times the volume of the colloid solution 
ten hours were required for settlement through 5 cm. The floccules 
broke up at once when the liquid was agitated and subsequently took 
rather longer to form than in the first instance. (4) When the ter- 
minals from a small six- volt electric battery were placed in the 
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liquid six centimetres apart a distinct aggregation of matter round 
the positive terminal could be seen in 15 minutes. In 24 hours the 
liquid was almost colourless and the positive terminal was covered 
with dark coloured matter. (5) It was found that the substances in 
solution in the liquid after it had been cleared by the electric current 
were the same as those in the solution obtained by treating the residue 
with water, after evaporating the colloid solution. Both of these 
contained only alkaline carbonates in solution. (6) The amount of 
CO 2 combined with the alkali in the dissolved carbonate is far greater 
than the amount of COj, in the original water. 

The following conditions were also observed; (7) When the iron 
container is opened after a period of abrasion a strong smell of 
hydro-carbon gas (acetylene?) is evident. (8) In most instances all 
the fine suspensoids formed by the action of abrasion become floccu- 
lated at once. (9) The suspeiLsoid substances formed by the abra- 
sion d(‘scribed in this paper were graded as follows; 


0.07 - 0.04 mm. diameter 

31.50 per cent. 

96.70 gms. 

0.04 -0.01 

24.00 

73.68 

0.01 -0.002 

26.68 

81.91 

0.002 - 0.00001* 

19.63 

60.26 

(’olloidal -4- Solution 

1.84 

5.66 


The real nature of the phymcal and chemical effects of the 
abrasion of the gravel is not clear. It is, of course, evident that 
])articles of extremely fine material an' derived from the greywacke 
rock and extremely fine particles from the iron container. While 
the latter will consist mainly of iron there will also be some quantity 
of iron carbide. Possibly a reaction takes place between the carbide 
and water and fonns the hydrocarbon gas. The oxygen probably 
combines with the iron. It is possible that carbon from the iron may 
be th(' origin of the CO^ which unites in some quantity with soda. 
This fact at least is notable. When fine feldspar sand is submitted to 
abrasion the soda wdiich dissolves from the feldspar does not com- 
bine to form a carbonate. When such materials are treated the 
amount of iron abraded from the container is very small; the soda 
is not combined with VO^ and a veiw^ small amount of hydrocarbon 
ps is produced. It is probable that the reaction due to the abraded 
iron in no way affects the feldspar or other rock constituents. 

Daubree and Joly (Int. Geol, Cong. 1900, 779) have both shown 
that the prolonged action of water on feldspar dissolves much alkali 
and silica. 

In the action now considered the silica was not in ordinar>" solu- 
tion as it was removed by the action of an electric current, and the 
same is true of the alumina, iron, and the small quantity of lime 
found in the liquid. 

The conclusion thus reached is (1) That the alkali (mostly 
soda) was dissolved from the feldspar by the mere action of water 
and afterwards combined with COj. (2) That some of the silica and 
alumina under the affects of abrasion was reduced to colloid dimen- 
sions. The quantity of this material of eoUoid dimensions derived 
from the gravel amounted to 3.57 gms, in 24 hours. 

^Settled at the rate of 7.3 cm. in 90 days. 
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Pleistocene Glaciation of Central Otago. 

By H. T. Ferrab, M.A., F.G.S. 

[Read at the Wellington Philosophical Society on 11th July. 1928; received 
"by Editor. 5th September. 1928; issued separately. 

2Srd November, 1028.] 

Plate 71 . 

Signs of a former and greater glaciation than obtains at present in 
the interior portions of the South Island of New Zealand were 
observed by the first geologists to exploi’c these regions. Haast 
(1861*) noticed terraces and transported blocks near Lake Kotoiti 
in Nelson Province and later when he first reached lakes Pukaki and 
Tekapo in Canterbury (Haast 1862), he was struck by the fact that 
the lakes were bordered by lateral and terminal moraines of enormous 
glaciers that had once extended out from the Southern Alps. Simi- 
larly Hector (1863), on his first expedition to the West Coast of 
Otago recorded the presence of striated rock-surfaces and erratic 
blocks far removed from present glaciers. Lockc-Travers (se(j 
Travers 1866) and other geologists who subsequently visited these 
regions confirm and amplify the observations of Haast and Hector, 
but differences of opinion have existed and still exist as to the 
former extent of the ice when it was at its maximum flood-level. 
The purpose of this paper is to present some new data bearing on 
the subject, gathered while the writer was making a soil-survey in 
Central Otago during the past three summer seasons. 

The earliest map showing the distribution of ancient moraines 
was prepared by Haast (1865). It shows morainic accumulations 
on the flanks of the Southern Alps and includes those on the shores 
of lakes Hawea and Wanaka, but it does not extend farther south 
into Central Otago. The next map was that of Hector (1870) which 
symbolizes ancient moraines on the shores of Lake Wakatipu. At 
intervals during later years small-scale maps of the South Island were 
drawn by Hutton (1894), Marshall (1908 and 1912), Park (1910A.), 
and Morgan (in Mss.), which show their ideas of the former extent 
of the ice rather than distribution of ancient moraines and of other 
signs of former glacial action. Park's contention (1909, 1910 A, and 
1910B) that an ice-sheet of continental dimensions formerly covered 
(Vntral Otago is at variance with the views of most New Zealand 
geologists and was opposed by Marshall (1910) oh theoretical grounds, 
by G. M. Thomson (1910) on botanical grounds, and by iBcnham 
(1909) on biological grounds. The evidence gathered recently 
supports Morgan's statement (1926, p. 278) that Central Otago, 
doubtless owing to light precipitation, was little affected by the ice 
of Pleistocene times. This evidence will now be catalogued in order 
from the east side of the district westward to Lake Wakatipu. 

♦Figures in brackets refer to the appended list of literature. 
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Maniototo Plain . — On Maniototo Plain no striated rock surfaces, 
nor isolated mounds of unsorted roek-material that could be called 
moraines, were seen. Near the portals of the larger gorges of creeks 
such as the Pigbum, the Sowbum, the Linnbum, the Waitoitod, etc., 
flowing off the Rock-and-Pillar Range and Rough Ridge, there are 
occasional large angular blocks of rock and accumulations of angular 



ro'*k-matcriul. Although these form part of the outwash delta-fans 
of the creeks, tliey look like ice-transported debris, for many rock- 
fragments are standing on edge instead of lying flat as they would 
do had they been washed out of the gorges. 

There are no erratic blocks far out on the plain, but within 20 
chains of the hill-edges, especially near the Pigbum and the Stotbum, 
there are areas littered with erratic blocks of schist five to ten feet 
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in diameter, and of silicified quartz-grit up to five feet in diameter, 
likewise on the north side of the plain there are a few perched 
blocks on Quartzreef Hill near Naseby, and on Sea^ll Hill near 
Wedderbum apparently moved by ice only a few chains from their 
sources. 

The inference from this evidence is that glaciers occupied valleys 
on the surrounding ranges and that they extended only short distances 
out on to the plain which was in existence in pre-Pleistooene time. 

Ida Valley , — At the south end of Ida Valley there is a low-level 
lateral moraine of a glacier that once moved out north-eastwards from 
Low Saddle ; and to the south of German HiU Diggings a clutter of 
wetlierstones, consisting of silicified quartz-grit, shows that a short 
glacier once flowed westwards off Bough Bidge. Farther north near 
Oturehua undisturbed wetherstones indicate absence of ice-action in 
this quarter. It would thus seem that during the epoch of former 
maximum glaciation there were only small valley-glaciers on the 
surrounding hills and a narrow piedmont-glacier along the south-east 
and south sides of the valley. 

Manuherikia Valley, — Near the north end of Manuherikia Valley 
the flat top of Tunnel Hill, an isolated hill composed of Tertiary 
sediments, is strewn with angular grejrwacke material ; evidently this 
hill was once overridden by ice. Large boulders of greywacke two 
miles south of Hawkdun Home Station indicate that the front of a 
glacier from the north once reached this point. 

Along the west side of Manuherikia Valley occasional mounds 
of rock-debris indicate tliat valley-glaciers from the Dunstan Range 
once protruded short distances into the valley (see Pig. 1). Along 
the east side of the valley the only sure indication of former ice- 
action was seen to the east of Galloway Plat where dislodged wetlior- 
stones of Tertiary quartz-grit are strung out westwards on a schist 
spur. 

Erratic blocks on the terraces above Clyde prove, as already 
stated by Park, that a glacier once flowed out of the Dunstan Gorge. 
A number of large erratic blocks on the terraces between Spring\"ale 
Creek and Alexandra show that this glacier extended across the south 
end of the valley, but there is no evidence that it invaded the gorge 
of the Molyneux River below Alexandra. 

At the ice-maximum then, there were in Manuherikia Valley a 
fairly large piedmont-glacier at its northern end, a number of short 
valley-glaciers on its sides and an expanded foot or cats-paw glacier 
occupying its southern end. 

Molyneux Valley. — At Bald Hill Plat to the south of Alexandra 
there are small terminal moraines of glaciers that once descended 
from the cast side of Obelisk Range, and farther south scattered 
wetherstones show that somewhat larger glaciers moved out of valleys 
such as those now occupied by Gorge Creek, Chasm Creek, and Shingle 
Creek. These glaciers probably ended fairly close to the hills with- 
out coalescing and without forming a trunk-glacier in the main 
valley. 

Upper Clutha Valley and CrormaeU Basin, — The morainic 
accumulations at the southern ends of lakes Wanaka and Hawea and 
t the lower (eastern) end of the Kawarau Gorge near Cromwell 
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have long been known. More striking than these arc the rounded 
and smoothed schist surfaces of the rocky barrier over which ice 
has flowed and through which the Matukituki Stream now finds its 
way into Lake Wan^a. A row of hillocks at the foot of Mount 
Boy shows similar rounded outlines. 

On the north end of Pisa Range an ancient lateral moraine is 
visible at Mount Barker and there are erratic blocks 1,000 ft. above 
the valley floor at Luggate and at Queensbcrry. Farther east at 
Tarras, on Malvern Downs, and on Bend Terrace, there are stranded 
moraines at lower levels athwart the Lindis Valley. Morainic debris 
was found on the eastern flanks of Pisa Range and on the terraces 
at Ijowburn. Morainic debris also occurs, at the same height as the 
Lowburn terraces, on the flanks of Dunstan Range at Northbum and 
at other points nearer Cromwell. 

This distribution of ancient moraines shows that a stagnant 
glacier probably occupied the area north of Tarras where Timburn 
Plat now is, and that large glaciers from the Wanaka and Hawea 
depressions formerly invaded the Cromwell Basin. These large 
glaciers, augmented by ice descending the Matukituki and Cardrona 
valleys, coalesced and spread out over the Cromwell Basin, there 
to be further augmented by ice shed from the Pisa Range and from 
the Kawarau (lorge. The thickness of this ice was perhaps 1,000 
ft. at Queensbcrry and 500 ft. at Cromwell. The discharge from it 
was i)robably thaw-water, but a small quantity of ice found its w^ay 
down the Dunstan Gorge as a narrow glacier, which after receiving 
additional ice from the Dunstan and Obelisk ranges, spread itself 
out towards the place where Alexandra now stands, as the cats-paw 
glacier mentioned above in Manuherikia Valley. 

Lower Shotover Depression and Wakafipu Basin. — Many geolog- 
ists have noted the abundant evidence of former ice-action in the 
Lower Shotover depression and in the Wakatipu Basin and some of 
them, notably Hector (1863, 1865, 1870, 1873), Haast (1865), Hutton 
(187»3), Andrews (1905), and Park (1909, 1910), have used this 
evidence in attempts to prove that such depressions were excavated 
by glaciers. Although Hector insisted (1874, p. 375) that the Waka- 
tipu trough was glacially excavat<*d, he had shown rightly some time 
previously (1870, p. 372) that the basins of Central Otago were due 
to dislocations and were in existence before the Pleistocene glacial 
advance. Enormous excavation implies enormous glaciers, hence 
various estimates have been* made of the thickness the ice attained. 
That the district was not buried beneath an ice-sheet seems certain, 
h^ce signs of maximum ice-flood level should be sought on the moun- 
tains forming the sides of the pre-glacial intermontane basins. 

Signs of glacier action in the Lower Shotover-Wakatipu district 
are abundanat at low levels but at high levels they are hard to find, 
J^tiiated rock-surfaces are rare, the best seen in this district being 
exposed in an abandoned gold-sluicing claim on the outer edge of 
Crown Terrace at tL height of about 2,0(K)' ft. above sea-level, or 1,000 
ft. above the floor of the Lower Shotover depression. At this height 
also erratic blocks of granite and other rocks foreign to the district 
were seen at three points on the outer (western) edge of Crown 
'Terrace, but no morainic material was noted along the inner or east 
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side of the terrace where it abuts against the Crown Range. A 
great quantity of morainic debris was, however, found 1,000 ft. higher, 
tucked away in Bracken Gully, a tributary of the Arrow River. 
From this evidence one pictures the upper Arrow valley filled with 
ice to about the present 3,000 ft. contour. A tongue of this ice crept 
up Bracken Gully there to stagnate and melt away, the thaw-water 
escaping on to Crown Terrace by way of the pre-glacially beheaded 
First Bum valley. The main discharge of this Arrow Glacier was 
south-westwards into the eastern end of the Lower Shotover depres- 
sion which was occupied by a mcr-de-glace J,000 ft. thick. Morven 
Hill (2,443 ft.) appeared as a nunatak projecting 200 ft. above 
this mer-de-glaee (see F"g. 2), Slope Hill (2,031 ft.) was buried at 
maximum ice-flood. 

Farther west at the north-west corner of Lower Shotover depres- 
sion, unsorted boulder-elay covers a hill nearly 2,000 ft. above sea- 
level, but no signs of ice-action were seen on Skippers Saddle (3,200 
ft.) The mammilated surface on Skippers Saddle, described by 
Park (1909) and figured by Cotton in his Geomorphology of New 
Zealand and by both ascribed to ice-action, is merely a collection, a 
maze, of conical hummocks of dislodged and slumped schist. No 
rock-fragments foreign to the district were seen here and the ice- 
shorn crag figured by Park is unshorn! The glacier that occupied 
the Shotover valley and deposited foreign rock-material on the 
terraces at Skippers, therefore did not spill over Skippers Saddle but 
flowed past Arthur Point and merged into the Lower Shotover mer- 
de-glace which at this end may have reached vp to the present 2,500 
ft. contour. 

Away to the west signs of former glaciation at high le\els are 
perceptible at the upper end of the Wakatipu trough. The rounded 
outline of Mount Alfred (4,548 ft.) is evidence that this hill was 
overridden by ice; and to the south of this point the appearance of 
the eastern face of the Humboldt Range suggests that maximum ice- 
flood level reached to about two-thirds of the way up, say 5,000 ft. 
above Lake Wakatipu. To the south of Humboldt Range the slopes 
of Mount Nicholas and in the Von Valley give the impression that 
here glacier tongues had protruded south-westward into Oreti Valley. 
Farther east, in the middle reach of Wakatipu trough, the flowing 
contours half-way up Walter Peak and Cecil Peak indicate that ice 
attained to a height of about 3,000 ft. Opposite these peaks on the 
north side of the trough, Park (1910A) records boulder-clay 2,000 
ft. above the lake on Queenstown Hill. Farther east again. Peninsula 
Hill (2,768 ft), the ' ' Crag-and-Tail HilP’ of Park (1909), at the 
cast end of the reach, shows remarkably fine glacier-shom surfaces 
and was probably overridden by ice. 

Along the western face of The Remarkables, no horizontal feat- 
ures or ‘‘ridgings’' are noticeable, such as should be developed by 
a glacier nearly filling the Wakatipu depression. There are, how- 
ever, a great number of erratic blocks in Strath Gyle, a longitudinal 
valley at the foot of the range. To the south of The Remarkables 
the lower slopes of the Hector Range have smooth outlines from the 
shore of Lake Wakatipu up to a height of about 2,000 ft. This 
smooth zone becomes narrower as Kingston is approached and almost 
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l^u. 1 —Morainic debris overlying Tertiary sediments at Tinker’s on west 
side of Manuherikia Valley. The water in the foreground fills 
the abandoned Sugar Pot sluicing claim. 



PiQ. 2. — ^Morven Hill, Lower Shotover DepresBlon. No foreign rock-material 
was found above the line A— B. 


F<ue V, 6J8. 
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merges into the Kingston moraine. The moraine in its turn merges 
into river-terraces on which are scattered numerous erratic boulders. 

The ice of the great glacier that once occupied the Wakatipu 
trough was thus apparently 6,000 ft. thick at its upper end, and 
thinned to 3,000 ft. at the eastern angle of the basin where some 
of it was discharged into the Lower Shotover depression. This ice, 
together with the overflow from the Lower Shotover mer-de-glace, 
invaded the Gibbston basin and made its way down the Kawarau 
gorge as a narrow sinuous glacier. A glacier in the Nevis Valley 
probably did not reach the Kawarau gorge. Another portion of the 
Wakatipu glacier flowed down the Kingston reach of the trough 
and may have extended 20 miles down Mataura valley to near Dome 
Pass where the Mataura River enters a gorge. There was probably 
a lens of stationary ice in the bottom of the Wakatipu trough (now 
226 ft. below sea-level) over which the moving portions of the Waka- 
tipu glacier slid. 

The Pleistocene glaciation of Central Otago was followed by a 
period of river erosion when moraines were destroyed and river- 
terraces were formed (cf. Speight 1911). The collection of great 
erratic blocks on the valley-floor of the Clutha at Queensberry, the 
erratics on Victoria Plat near Gibbston, and the line of erratics 
stringing out from the portal of the Kawarau Gorge at Ripponvale 
indicate that there was a s^ond but smaller advance of ice subse- 
quent to the formation of the river-terraces. This is in agreement 
with the observations of Hutton (1875), McKay (1893, 1894), Bell 
and Fraser (1906), Cox (1926), and Speight (1926, 1928) in other 
parts oC the South Island. 

C(ms€ of the Pleistocene Glaciation . — ^The cause of this Pleisto- 
cene glaciation is not known. Possibly it was a general lowering of 
temperature. Hutton (1876) thought a reduction of more than 10® 
P. would be necessary, but on palaeontological grounds could not 
admit that such had taken place. Benham (1909) likewise holds 
that there was no general reduction of temperature at or about this 
period. A general lowering of temperature of 4® C. to 6® C., as 
postulated by Morgan (1926), would have aflfected regions at a 
distance from New Zealand. One of the many difSculties this postu- 
late entails is that it conflicts with conditions in Ross Dependency 
whore the former high flood-level of ice was probably due to higher 
temperatures and the present dessication to extreme cold (Perrar 
1905, 1925), On the other hand lower temperatures in these high 
latitudes would intensify the indraught of air from high levels 
(katabatic winds) and might cause ice to accumulate instead of 
decrease as at present. Murray (1894) was the first to draw atten- 
tion to the observations of Rosa and others as indicating that anti- 
cyclonic conditions and out-flowing winds predominate in high 
southern latitudes, and lately Hobbs (1911, 1926) has advanced a 
theoretical explanation of such conditions to account for the present 
glaciation of Greenland and Antarctica. If an intensified down- 
draught of air from high levels is competent to increase the quantity 
of ice in the -Antarctic then a general lowering of temperature 
becomes a r^asonq,ble explanation of the former glaciation of Central 
Otago. As, however, the rarified upper air contains hardly sufficient 
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water-substance to account for the present 7 in. to 8 in. of precipita- 
tion on South Victoria Land, intensified katabatic winds would not 
cause an ice-flood there. Hence general reduction of temperature does 
not satisfy. 

Another possible cause is elevation of the land. The following 
are estimates, by writers on this subject, of the uplift required to 
produce the former greater glaciation; — 4,000 ft. to 5,000 ft. (Travers 
1874), 3,000 to 4,000 ft. (Hutton 1876), 2,000 ft. (Hector 1868), 
1,000 ft. to 1,500 ft. (Morgan 1926), 600 ft. (Speight 1908). Mor- 
on’s estimate is suported by Henderson (1924) who considers that 
in the early Pleistocene New Zealand was 1,000 ft. higher than it is 
now. Since the terminal faces of glaciers near The Hermitage on 
the east side of the Southern Alps arc at about 2,300 ft. above sea- 
level and the once ice-covered terraces at Alexandra are at about 
700 ft., the difference, or an elevation of 1,500 ft. to 1,600 ft. seems 
sufficient to account for the Pleistocene extension of the glaciers of 
Central Otago. 
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A Note on Sigapatella terraenovae Peile. 

A new Montfortula. 

By Makjobie K. Mestatbb, Domitiion Museum, Wellington, N.Z. 

[Read before the Wellington Philosophical Society, 27th June, 1928; 
received by Editor, 16th July, 1928; issued separately, 

2Srd November, 1928,] 

Plates 72 , 73 . 

The two species here dealt with belong to two widely different 
families, yet both have a comparatively simple shell, and apparently 
similar habitat. 

The Sigapatella appears to live below low-water mark, as so far 
I have seen no reference to its discovery within the tidal zone. 

The Montfortula also probably lives well below low-water mark, 
and this solitary specimen was washed up among rubbish. I have 
collected around Lyall Bay for many years, but have never seen it 
alive. 

I would most gratefully acknowledge my indebtedness to Lieut.- 
Col. A. J. Peile, and Mr. G. C. Robson for the photograph of the 
type tablet of Sigapatella terraenovae, in the British Museum Collec- 
tion. Also to Miss J. K. Allan for her drawings of two other 
specimens of S, terraenovae and the drawings of the Montfortula, 

Dr. H. J. Finlay has figured a Curvier Island specimen, but the 
two specimens from off the Hen and Chickens Islands, 50 fathoms, 
that Miss Allan has drawn, were picked from those Lieut.-Col. Peile 
compared with the type material in the British Museum; so their 
identity is indubitable. These drawings had been made before I saw 
Dr. Finlay ^s paper. 


Sigapatella terraenovae Peile. (Mgs. 1-6.). 

Proc, Mai, Soc,, vol. 16, p. 21-22. Trans, N,Z, Inst,, vol. 57, 
p. 391-392. PI. 18, Pig. 1-2, Finlay. 

The type of this species was obtained by the British Antarctic 
(Terra Nova) Expedition, 1910, in a dredging (Station 134) near 
North Cape, New Zealand, in 11-20 fathoms. They got several 
specimens, which the late Mr. E. A. Smith determined as Sigapatella 
calyptraeformis (Lam.) ; but a study of the radulae of the Austiflian 
S, calyptraeformis in comparison with the New Zealand species con- 
vinced Lieut.-Col. A. J. Peile that he had two different species to 
deal with. He accordingly, in the above reference, described the 
New Zealand specimen, and figured the radulae. 

In order to get confirmation of Dr. J. Marwick's and my own 
determination, I sent specimens to Lieut.-Col. Peile asWng if iliey 
were correct. He confirmed our identification and I herewith give 
figures of two of the specimens he saw. .^so, through his and Mr. 
Robson’s kindness I am enabled to publish figures (Pigs. 1-3) of 
the Holotype and 2 Paratypes from the British Museum Collection 
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As the Proc. Mol. ^oc. are not readily available for New Zealand 
workers I append the author's description: — 

“ The shell is almost circular in plan; apex prominent, distant 
about one-third diameter from the circumference. Whorls 4^, convex, 
rapidly increasing, but not as rapidly as in S. calyptraeformis. 
Suture well marked. Nepionic shell sculptured with half a dozen 
spiral grooves, interspaces slightly pitted. Sculpture of rest of upper 
surface of shell consists of strong, rugose, oblique growth ridges 
(rather less than 3 mm. apart on the last whorl). In the interspaces 
are half a dozen finer, wavy growth marks. Under surface is concave ; 
base of last whorl is convex near the axis and concave near the cir- 
cumference, so as to form a gutter inside the periphery, which is 
fairly sharply keeled. Basal margin oblique, thin, and sharp, slightly 
reflexed near the axis to cover a minute umbilical chink resembling 
that of calyptraeformis, but smaller. The whorls are so coiled as 
to leave a free axial chamiel between base and apex like that found 
in S. tenuis (Gray), but not so open owing to the axis not being so 
central. The upper surface of the shell is white, tinged with purple 
on the earlier whorls, and is covered with a thin yellowish perios- 
tracum bearing scattered sj)ine-shaped processes based on the main 
growth ridges , spines 1 to 2.5 mm. apart on the last whorl). The 
base is white, tinged with purple, with a brownish band near the 
periphery. Diam. maj. 26, min. 23, alt 8.5 mm. 

The radula of 8, terraenovae has forty-seven rows in the type 
specimen. The lateral tooth has a broadly triangular point, whereas 
in 8, calypiraefonnis (with an average number of thirty-four rows) 
the denticles fringing the inner and posterior edges of the lateral 
extend to the point. 

‘ ‘ The shell differs from that of calytraeformis in that the suture 
is less well marked, although the convexity of the upper surface 
persists to the periphery, whereas in the latter species the surface 
flattens towards the circumference, resulting in a sharper keeling of 
the last whorl. Further differences exhibited by calyptraeformis are 
as follows : The growth ridges are smoother and closer together ; the 
periostraeum is brown and much more dense, the processes springing 
from the giuwth ridges forming a continuous succession of square- 
ended blades: the base, though tinged with colour in young shells, 
is white in the adults examined. 

' ‘ S. novaczclandiac Lesson, can always be distinguished from the 
other species mentioned above by the presence of a small depression, 
or false umbilicus, near the axis of the shell. The periostraeum is 
dense and quite unlike that of terraenovae.*^ 

Montfortala lyallensis n. sp. (Figs. 7-9.). 

Shell, small, oval, left side nearly straight, right side slightly 
convex. Anal rib, just on right of centre line. Apex, nearly central, 
curved backwards, smooth, polished. Sculpture: Sixteen primary 
ribs, starting just below the apex; of these the anal and the one on 
its left run together and form a faintly-raised inverted V on the 
apex ; in all the interspaces are three thread-like riblets. The three 
Rpsterior ribs are the strongest and project farthest at the margin. 
There are about 13 concentric threads, which vary slightly in strength. 



624 


Transactions. 


On the main ribs these form rounded upstanding nodules, and similar, 
but very much smaller ones are formed on the interstitial riblets, 
with squarish pits between them. Colour-. White, apex, the front 
4 ribs and 6th and 7th on each side grey-green, some of the nodules 
darker than others. When held to the light 4 dark wedge-like rays 
show ; the laterals being darkest, and the posterior much the lightest. 
Interior, porcellanous, glossy, the mushroom-shaped muscle-scar 
distinctly visible ; the colour is rather obscured by a whitish film, as 
if decaying animal matter had affected it; but through it the dark 
green outline and incurved scar are visible. The anal groove runs 
almost to the apex The colour-bands show clearly at the margins, 
between them, and surrounding the muscle-scar, the shell is creamy- 
white. Margin, crenulate, denticulated by the main ribs which are 
more or less projecting, especially the posterior three. The annal 
groove forming a slight notch. 

Measurements-. Length 13 mm., width 4 mm., height 5 mm. 

Locality: Lyall Bay, Cook Strait. I found this specimen some 
years ago, among drift material, washed up near the top of the 
beach. 

Holotype, in my collection. 

Remarks: On comparison of this new species with Montfortula 
conoidea (Reeve) from Sydney, N.S.W., the most striking difference 
lies in the sculpture. In M. conoidea the primary ribs are weaker and 
the interstitial riblets stronger than in M. lyMensis, also the margin 
of M. conoidea is evenly crenulate The nodules on the ribs also 
appear to be weaker in the Australian species. Through the kindness 
of Prof. J. A. Bartrum I have been able to compare his Montfortula 
kaawaensis with my specimen. The fossil is much smaller, lower and 
smoother, than M. lyallensiis; but the characteristic muscle-scar is 
the same in both. In M. kaaumnsis the strongest ribs are anterior, 
while in M. lyaUensis they are posterior. 

In part 2 of this volume, p. 235, pi. 41, figs. 34-35, Dr. Finlay 
describes and figures M. chatJumensis, from which M. lyallensis 
differs in sculpture, the ribs being sharper, with greater marginal 
projection. The shell is very much narrower in proportion to length, 
and with a very different profile. 
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New Microscopic Details of Certain New Zealand 

Loricata 

By C. E. R. Bucknill, L.M.S.S.A., Lond. 

«• 

iRead before the Auckland Institute^ Slat July^ 1928; received by the 
Editor, 22nd August, 1928; issued separately, 

SOth November, 1928.'] 

Ocelli in Eudoxochiton nohilis Gray. 

The statement by Pilsbry, and quoted by Suter, that the ** genus 
Eudoxochiton is sundered by lack of eyes in the valves &c.^' requires 
revision. These organs do exist in the genus, and although not so 
highly developed as in Onithochiton, where they are visible to the 
naked eye, the ocelli in Eudoxochiton are quite as advanced as in 
some of its congeners and therefore merit full recognition. 

The eyes are oval in shape, projecting slightly above the general 
surface of the tegmentum, very minute, rounded at the upper end 
which is directed towards the apex of the valve, and tapering, goblet- 
fashion, towards the outer margin. They are arranged in quincun- 
cial formation, and are present upon the lateral areas of the median 
valves, on the whole surface of the head valve, and on the post- 
mucroiial area of the tail-valve. The eyes are more fully developed 
on the head-valve than are those of the intermediate valves. In the 
latter situation they appear usually as mere aggregations of blackish 
granular matter, but their position and regular arrangement, simu- 
lating those of Levicoplax and Icoplax, render their identification 
beyond disj)ute. On the head-valve each eye is accompanied by a 
single megalopore, which is seen in close proximity to its upper pole, 
a small canal connecting the two organs; and it is a significant fact 
that there are no megalopores found in any of the ocelliferous regions 
otherwise than in this same relationship. The micropores are very 
numerous, and are found strung along fine parallel lines which lie 
between the minute riblets composing the microscopic sculpture of 
all the valves of this genus (Pig. 1). 

As Moseley observes: *‘The eyes are obviously homologous with 
the mcgalaesthetes, and as a comparatively late modification, some 
of the mcgalaesthetes have been modified into eyes in certain genera, 
whilst in chiton and other forms, the more primitive conditions, in 
which they all remain as organs of touch, has been retained.” 

It is certainly probable tliat the function of the micraesthetes is 
tactile, or rather that they constitute the means whereby the animal 
is sensitive to changes of temperature in the water, as indicated by 
the emergence of certain loricates during hot weather from the lam- 
inarian to the litoral xone. It is equally reasonable to assume that 
the megalaesthetes possess some degree of visual power even in the 
most primitive form in some genera, otherwise it is impossible to 
account for the fact that essentially non-ooeelliferous loricates such 
as Lepidopleurus and invariably avoid a strong light. 
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Note on the Sculpture of Evdoxochiton nohUis Gray and E. hutio' • 
Pilsbry (Pig. 2). 

Sculptured pits upon the valves of these species, hitherto un- 
recorded, have been observed by Mr. A. E. Brookes and the writer. 
They are triangular in shape and situated in the central areas, imme- 





Fio. 1. — Eiidoxochiton nohtlts Gray. Ocelli with megalopores and 
micropores. X 230, 

Fig. 2. — Endoxochiton huttoni Pilsbry. 80 mm, X 47 mm. Showing 
sculptured pits. 

Fig. Z.-^PaeudotonicUi cuneata Suter. Megalaesthetes and Mlcraes* 
thetes. Decalcified and staineiL X 230. 

Fig. ^.-^Paeudotonicia cuneata Suter. Megalopores and Micropores. 
Stained Methylene blue. X 230. 
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diately anterior and parallel to the diagonal line, equally spaced and 
occurring on all the valves with the exception of the head valve. 
Frequently they are absent, but when present are rarely the same 
ill number on both sides. Thirty specimens in all were examined, and 
in seventeen the pits were present. The remaining specimns, though 
for the most part free from lithothamnia, showed no trace of pitting, 
while in the entire series none was discovered upon the head-valve of 
any single specimen. Similar pits are sometimes present in Levico- 
plax platessa Gould, and always in Icoplax empleurus Hutton, which 
latter become shorter and shallower towards the median part of the 
valve. In Eudoxochiton they tend to become obsolete towards the 
margin, but their character indicates a marked affinity to Levicoplax 
and IcoplaXy which taken together with the presence of eyes in all 
three genera, further confirms their generic relationship in the family 
Jjcpidochitonidae. 

Diagnosis of nerve-terminals in the valves of Pseudotonicia cuneata 
Suter (P'igs. 3 and 4). 

Suter in his description of this species, states that in all the valves 
the whole surface is dotted or covered with minute eyes, though in the 
appended remarks he acknowledges that he might be mistaken as to 
the identity of these organs. Nor has this uncertainty been dispelled 
by Ashby in his I’ocent paper ‘‘ The Rediscovery of Tonicia &c. ’’’ 
{Trans. N.Z. Inst., vol. 58, 1927, p. 392 et seq.). The universal dis- 
tribution alone of these organs should have suggested a more careful 
scrutiny, for it had already been pointed out by Moseley that the 
ocellifcrous regions of the valves in loricates are in definite relation 
to the incisurae. Ibifortunately Suter had only one specimen of this 
rare species at his disposal; but having myself the singular good for- 
tune to collect ten specimens at Mount Maunganui, ample material 
has been available for an extensive examination. 

The best method of demonstrating the nature of these sensoi'j' 
organs is to grind away the under-surface of a valve until sufficiently 
thin to be translucent, and to stain for one minute in an aqueous 
solution of methylene blue. Examined under the microscope by 
transmitted light and using a J inch objective, the dots will be found 
to have distinctly taken up the stain. They are megalopores and 
micropores. The former are circular in outline and well defined, 
showing a smudge of stain like the tail of a comet, where the dye has 
penetrated into the capsule of the organ, the colour fading away in 
the depth of the tegmentum. The micropores, much smaller in size, 
are also circular in outline; the stain injecting the pore shows the 
minute neural canal for a short distance as a fine tapering thread. 
Viewed by reflected light the nerve-terminals appear as refractile 
convex dots, suggestive of ocelli to the casual observer. The great 
advantage of employing a staining reagent lies in the fact that the 
true eyes, such as are present in Onithochiton, Schizochiton and 
Exidoxockiton do not stain, the cornea being an impervious hyaline 
calcareous structure, whereas the easily identified megalopores and 
micropores in these genera always stain quite readily. Further 
details of these organs may be studied by decalcifying the shell in a 
4% solution of nitric acid, as recommended by Moseley, and shaving 
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off a thin horizontal section of the tegmentum. When stained with 
methylene blue, the true nature can be determined with a § inch 
objective. The megalaesthetes are elongated fusiform bodies pro- 
duced at the distal end as a short obeonic tube, which is closed at 
the upper extremity with a flattened circular disc. Beneath this 
disc is a small zone of fine granular, matter or in some instances a 
few fine transverse lines. Many of the micraesthetes can be observed 
springing from the dilated bodies of the megalaesthetes, some singly, 
some branching in pairs from the same stem, while others again have 
independent fibres of their own which can be traced to the neural 
plexus lying in the plane between the articulamentum and the teg- 
mentum. Though the micraesthetes often appear as small club- 
shaped bodies with a nucleus, the fully-developed organs have a flat- 
tened disc at the extremity, the whole resembling the seed-capsule 
of the common poppy. 

Pseudotonicia ciineata has been obtained in Tauranga Harbour 
at depths varying from three to four fathoms; but one has been 
found on a small stone during warm weather late in the summer, 
immediately below low-water mark; another crawling half-submerged 
in wet sand at the same season ; and three others upon one rock half 
buried in sand, also in the litoral zone. This rather singular choice 
of station militates against the idea of these animals possessing any 
marked degree of vision, but tends at the same time to strengthen 
the assumption that the sensory organs arc associated with the per- 
ception of heat and cold. 

Judging from the asynunetry of the head-valve photographed 
by Ashby as a plesiotypc of the species, there is little doubt but that 
the .specimen selected was abnormal, which is satisfactorily proved 
by the three specimens subsequently secured by Brookes, and all of 
the ten collected by the writer, possessing five slits in the head- valve 
and five corresponding radial ribs, arranged in perfect symmetry. 
This slitting of the head-valve and the total absence of eyes finally 
disposes of any necessity for the proposed subfamily of Pseudo- 
tonicinae. 
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The Recent and Tertiary Cassids of New Zealand 
and a Study in Hybridization. 

By A. W. B. Powell. 

[Read before the Auckland Institute, 31st July, 1928; received by Editor, 
28th August, 1928; issued separately, 

23rd November, 1928.] 

Plates 74 ^ 76 . 

The Cassids are undoubtedly one of the most handsome and con- 
spicuous molluscan groups in tropical and temperate seas. They are 
also fairly numerous as fossils, ranging throughout the Tertiary. 

Three major divisions in the family Cassididae are recognized 
by most systematists and are characterized as follows: — 

(1) Cassis series. 

Very large heavy shell; long narrow denticulate aper- 
ture; short spire; strongly recurved short canal. 

(2) Gale odea series. 

Moderately large shell; narroVly open aperture, denti- 
culate outer lip; moderately elevated spire; long 
ix?curved canal. 

(3) PhaUum series. 

Moderately large shell; widely open aperture; smooth 
or weakly denticulate outer lip; moderately elevated 
spire; very short recurved deeply notched canal. 

Cassis. 

This is a common living typo in tropical seas but is rather 
rare fossil. It is consider^ younger geologically than either 
Galeodea or Phalium (Schenck, p. 74). PJmlium of Schenek however 
includes Semicassis, Casmaria, and Doliocassis. Schenck {lx.) has 
recorded typical Cassis from the West Coast of North America with 
a range from Lower Pliocene to Recent. Dali (1909, p. 60), however, 
stated that the earliest true Cassis from the European Tertiary was 
Cassis makaimUans Grateloup (Lower Oligooenc), while Schenck cited 
C. snlcifera Sowerby as the earliest American form (Oligoeene) and 
mentioned an Eocene example in Cossman’s C, {Mariontlla) chevaU 
Ueri from the Paris Basin. 

True Cassis is not represented in either the Recent or Tertiary 
New Sfealand faunas. 


Oaleodea. 

Galeodea is considered (Schenck, p. 81) one of the earliest 
known representatives of the family, ranging from Cretaceous to 
Recent. It apparently reached its greatest development in the 
Eocene, but a few Recent si)ecies still persist. The genotype, 6. 
echinophora (Linne) is a common Recent shell in the Mediterranean. 

CMeodea is represented in the New Zealand Tertiary by Hutton’s 
Galeodea senex and undeseribed species. 
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Phalium. 

Schenck (p. 72) admitted Phalium generic rank with Cassidea 
(«. Casmaria), Bezoardica (««= Semicassis) and DoUocassis as sub- 
genera. 

Iredale (1927), however, gave full generic rank to Phalium 
Link (citing Cassidea Swainson as a synonym), Semicassis Mor<^, 
Casmaria H. and A. Adams, and proposed the following new genera. 

Xenophalium nov. type X. hedleyi nov. 

Xenogalea nov. type Cassis pyrum Lamk. 

Antephalium nov, type Cassis semigranosa Lamk. 

Marwick (p. 482) proposed Kahua as a subgenus of PhaUum 
for an unique Chatham Island Tertiary species. 

Finlay (p. 230) proposed Euspinacassis for a group of Tertiary 
Phalium-like shells characterized by strong nodulous sculpture. 

Semicassis is the most widely distributed of the Phalium series 
and seems to be the oldest geologically, ranging from at least the 
Oligoccne to Recent (Schenck, p. 80). Semiccbssis is represented in 
New Zealand by a typical species in the tapper Pliocene and one 
other of the subgenus Kahua, from the Mid Tertiary of the Chatham 
Islands. 

Xenophalium, with \diich the present writer has united Xeno- 
galea, is the characteristic Australasian Recent * Phalium,* ranging 
from Miocene to Recent. 

Euspinacassis with a range from Oligoccne to Miocene is 
undoubtedly directly ancestral to the late Tertiary and Recent 
Xenophalium. 

Typical Phalium, Casmaria, DoUocassis, and Antephalium are 
not represented in New Zealand either Recent or fossil. 

In the present paper six species are described as new. 

The New Zealand Recent Cassid fauna consists of but one genus, 
Xenophalium, represented by eight species and a subspecies, while 
in the Tertiary there are at least four genera, Xenophalium repre- 
sented by five species, Euspinacassis by three, Semicassis by two, and 
Galeodea by one described and an undescribed species. 

Hutton ^s Cassidaria sulcata (1873, p. 8) from Kanieri (Miocene) 
is not included on account of the imperfect condition of the holotype, 
making accurate generic allocation uncertain. 

The writer is indebted to the late Dr. J. A. Thomson, and also 
to Dr. J. Marwick, Mr. H. Hamilton, Mr. W. La Roche, Dr. C. E. 
R. Bueknill, Miss M. K. Mestayer, Mrs. F. W. Sanderson, and Mr. 
C. R. Laws for the loan of specimens, and to the following gentlemen 
for their care and skill with the photography, Mr. H. Hamer (Pigs. 
13-16, 18, 19, 21-28, 30, 31, 33-36), Dr. C. E. R. Bueknill (Pigs. 11, 
12, 17, 20), Messrs. Doree and Sache, Ltd. (Pig. 29), and Professor 
J. A. Bartrum (Fig. 32). 

Key to Genera of the Phalium Series. 

(1) With one or more varices in addition to outer Up. 

A. Columellar callus-plate broad, sculptured with prominent wrinkles. 
Outer lip strongly denticulate within, sometimes with a f^w 
anterior spiny projections. Shoulder plicate or nodulous. False 
umbilicus widely open. 

Phalium Link. Type B, glacum Linn. 



Powell. — Cassids of N.Z, and Study in Hybridization. 631 


(2) Minus varices other than outer lip. 

A. Columellar callus-plate broad, irregularly plaited and ridged 

towards pdllar. Outer lip with a few faint denticles below. 
Whole shell covered with spiral rows of prominent nodules and 
superimposed spiral striae. False umbilicus small. 

E'mpinacassia Finlay. Type E. pollens Finlay. 

B. Columellar callus-plate broad, irregularly plaited and ridged all 

over. Whorls seldom shouldered, mostly sculptured all over with 
spiral grooves. Outer lip strongly denticulate within. False 
umbilicus open or almost closed. 

Semicassis Morch. Type Cassis japonica Reeve. 

C. ‘‘Shell subglobular, thick, sculpture of strong spiral and axial 

grooves dividing the surface of the body-whorl on a regularly 
checQuered plan. Outer lip with a strong varix, regularly lirate 
within. Columella almost straight with six equal cords. Inner 
lip strongly lirate.** 

Subgenus Kahua Marwick 1928 (p. 482). Type Phalium (Kahua) 
akinneri Marwick. 

D. Columellar callus-plate broad, smooth, bordered below by one or 

two prominent ridges. Whorls shouldered, nodulous or smooth. 
Outer lip smooth or faintly denticulate within. False umbilicus 
open. 

Xenophaluim I redale. Type X hedleyi Iredale. 

E. Columellar callus-plate smooth, bordered below by several promi- 

nent ridges. False umbilicus closed. Basal lip with a few 
spiny projections as in typical Phalium. 

Casmaria H. & A. Adams. Type B. vibex Linn. 

There is a tendency rarely shown in certain individuals of 
Euspinacitssis and Xenophalium to leave nndissolved the variced 
outer lip preparatory to making another growth stage (Pig. 35). 
This is probably a recessive character traceable to an ancestral type, 
normally leaving the varix at each growth stage as in Recent typical 
Phalium. 

Species observed exhibiting this feature are: — 

Etispinacdsfds pollens Finlay (holotype). 

Xenophalium insperafum (Iredale) 2 Mount Maunganui, N.Z. 
X. pyrum (Lam.) 5 Recent N.Z. and 1 Castlecliff (I'^p. Pliocene) 
N.Z. 

X. labiaium (Perry) 1 Broken Bay, New South Wales. Australia, 

DenUtion: The radulae of the following species were mounted 
for study: — 

X pyrum (Lam.). 

2. Mount Maunganui, Bay of Plenty. 

1, Off Kapiti Island in 25 fath. 

1. Off Cuvier Island in 40 fath. 

X kcmiltoni nov. 

1. Off Cape CampbeU in 35-40 fath. 

X, insperattm ( Iredale )C 

2. Mount Maunganui, Bay of Plenty. 

X lahiatum (Perry). 

1. Shell harbour, New South Wales, Australia. 

X lahiatum X inseperatum (Iredale). 

1. Mount Maunganui, Bay of Plenty. 

The radula (Pig. 1) is situated behind a pair of jaws (Fig. 2) 
contained in a long proboscis (Pig. 3 pr.) and is composed of 
numerous rows of transparent chitinous teeth arranged on a long 
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transparent ribbon, fitted on either side at the front end with lobes 
by which it is fixed in position, the rear portion being free. The 
dimensions of the entire radxila in X. hamiltoni are 5.8 mm. in length 
by 0.85 mm. in width, and on it are arranged 102 rows of 7 trans- 
verse teeth, making 714 separate teeth, which are also furnished with 
^separate cutting points or cusps to the number of 3,366. 



TEXT FIGURES. 

Pig. 1. — Entire radula showing lobes by which It is attached {Xenophatium 
hamiltoni). 

Pig. 2.— Jaws and plates, greatly magnified {X. hamiltoni). 

Fig. 3. — External features of animal (X. pyrum) about natural 8 l 2 e. E, 
eyes; P, foot; L, liver; M, mantle; OP, operculum; P, penis; 
PR, proboscis; R, radula; S, siphon; T, tentacles. 

Fig. 4. — Three transverse rows from radula of X, hamiltoni. Second and 
third pair of marginals on left not drawn in. 

Fig. 5. — Central tooth from radula of X, hanuiltoni. 

Fig. 6. — lateral tooth from radula of X. hamiltoni. 

Fig. 7. — ^Pair of marginals from radula of X, hamiltoni (from above). 

Pig. 8. — Lower marginal from radula of X, hamiltoni (from below). 

Fig. 9. — Pair of marginals from radula of X. insperatum (from above). 

Pig. 10.— Lower marginal from radula of X laHatum (from below). 
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The formula of the Cassid radula is indicated as 2 + 1 + 1 
+ 1 + 2 meaning that there is a single lateral tooth on either side 
of a central tooth, then in a plane above a pair of marginals curve 
over from either side almost meeting at the centre. The upper of 
the two marginals is plain but the second one, situated immediately 
below, is furnished with long curved cusps directed downwards. The 
number of these cusps constitute the main difference between the 
radulae of the pyrum series and lahiatum. The individual cusps are 
variable in shape and of little use for classification. The insperatum 
radula differs from that of pyrum and hamiltoni in the shape of the 
lower marginals and in the greater number of transverse rows, about 
120 in the former as compared with 100 respectively in the latter 
two. 


Formulae of the two types of radulae, the lower figures 
representing the number of nisps. 

2 2 

(a ) -V f ^ ^ 4 ^ -f ^ | r ■ 5 = X pyrum, X. hamiltoni and X. insperatum 

2 2 

( 1 > ) 4 ^ ^ 4 . ^ X labiatumB,nd(X. iabiatitmx insperatum) 

(0,0 ) (o»0) 


Hybrids: The four main specific characters defining the species 
Xcnophnlium labiatum and X. insperatum are, 1, radula; 2, sculp- 
ture; 3, outer lip; and 4, coloration. 

Ill labiatum the radula has three cusps on the lower of the two 
marginals; the whorls are devoid of nodules; the outer lip is thick- 
eiunl and the coloration is dark with orange-tinted columella. 

In insperatum the radula has four cusps on the lower marginal ; 
the last half-whorl has a nodulous shoulder, the outer lip is thin 
and recurved, and the coloration is light with white columella. 

A striking hybrid between labiatum and insperatum recently 
eollected by Dr. C. E. li. Bucknill, at Pilot Bay, Tauranga, exhibits 
the following combination of characters. 

lA + 2B + 3A + 4B. 

i.o., A = labiatum character. B insperatum character. 

The iiumbei's refer to specific characters mentioned above. 

The shell recently described by Oliver (1926, p. Ill) Calliosfoma 
waikanac from the New Zealand beach of that name suggests hybrid- 
ization between the .species cunninghamii and pellucidum. The 
relative frequency of this suggested hybrid is shown by the following 
(*ensua of the three forms recently collected by the writer at Wai- 
kaiiae: cunninghamii 12, waikanae 4, pellucidum 1. 

The writer has ])rcviously recorded an apparent hybrid from 
New Zealand waters in Verconella adusta X ddusta, mandarinoidcs 
Powell (1927, p. 558). 

Experimental hybridization with marine molluscs presents many 
difficulties. It is interesting to note, however, that experiments with 
torrestial molluscs have been successfully carried out in Florida by 
Bartseh (1925, p. 222) of the United States National Museum. He 
successfully established a hybrid colony between Cerion tncanum and 
C. viaregis. Thirty of the resultant hybrids examined showe<i great 
diversity in size, sculpture, and colouring, and the internal anatomy 
showed even greater diversity and modification. 
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Key to Species op Euspinacassis. 

A. Nodules rather sharp and laterally compressed. 

1. Four spiral rows of upwardly directed nodules 

on body-whorl, 11-13 nodules on shoulder — pollens. 

2. Four spiral rows of strong laterally compressed 

nodules on body-whorl. 8 nodules on shoulder, muricata. 

B. Nodules blunt and rounded. 

3. Four spiral rows on body-whorl, approximately 

16 nodules on shoulder multinodosa. 


Euspinacassis pollens Finlay. 

1926 Trans. N.Z. Inst., voL 56, p. 230. 

The type locality is Clifden, Southland. Oligocene (Ototarant). 
I have a specimen from a cutting in the main road, Awakino Glorge, 
North Island. 


Euspinacassis muricata (Hector). 

1877 Cassis muricata Hector Prog. Rep. Geol. Surv. N.Z., vol. 

9, p. 4. 

1915 Galeodea muricata (Hector) N.Z. Geol. Surv. Pal. Bull.. 

No. 3, p. 12, PI. 1, Pig. 6. 

Readily distinguished by the spiral rows of prominent laterally- 
compressed nodules, arranged axially in an oblique plane. These 
nodules are few in number, only 8 on the shoulder of body-w^horl 
and arranged in four rows, the lower ones less prominent. The whole 
shell is finely sculptured with dense spiral striae, haring a fine 
spiral thread at about every fourth striation. Pasciole longitudinally 
striated. Pillar with numerous oblique wrinkles and odd tubercles. 

Habitat'. Pakaurangi Point (=» Komiti Point), Eaipara Harbour. 
(Oligocene, Hutchinsonian.) 

Height, 46 mm.; diameter, 36.5 mm. (specimen in collection of 
Mr. C. R. Laws, Auckland). 

Euspinacassis multinodosa n. sp. (Figs. 30 and 31.) 

Shell large, strong, encircled with rows of strong rounded 
nodules. Outer lip verj- little thickened, slightly recurved. Canal 
very short, deeply notched. Whorls 6^, plus minute, dome-shaped, 
protoconch of 2^ smooth whorls. Spire-whorls angled at centre by 
a single spiral row of close regularly-spaced rounded nodules. Body- 
whorl with 4 rows of rounded nodules arranged axially in an oblique 
plane. First two rows widely spaced, last two close together. The 
upper row forming the shoulder has approximately 16 nodules on 
body-whorl as compared with 8 in muricata, and 11-13 in pollens. 
The whole shell is crowded with fine spiral lirae, alternating in 
strength. Spire a little less than half height of aperture.. Suture 
undulating, just covering an otherwise second row of spire-nodules. 
Outer lip imperfect in both specimens. Inner lip spreading as a thin 
callus broadly over parietal wall almost to shoulder. 

Columella obliquely flexed, with heavy callus-plate almost closing 
false umbilical chink. Pillar with several indistinct irregular plaits. 
Fasciolc flattened on top, longitudinally striated. 
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Pigs. U & 12. — Xenophalium royanum (Iredale). 20 fath, Cavalli lalds., 
Whangaroa. 

Pig. 13.' -8emioa$$is multisecta (Finlay). Kal Iwi (Upper Pliocene). 

Pig. 14. -Seviicassis mtUHsccta (Finlay). Castlecliff (Upper Pliocene). 

Pig. 15.' -Xenophalium lahiatum (Perry). The * Beacon/ Tauranga Harb. 
Pro. 16.' -Xenophalium lahiatum (Perry). Smuggler’s Bay» Whangarei Heads. 

Pig. 17,- -X. lahiatum (Perry) ) Illustrating hybrid, 

Pig. 18.- X. lahiatum X insperatum (Iredale) > described in this paper. 

Fig. 19. X. inaperatwm (Iredale) ) Specimens from Tauranga. 


Pace p. SM. 



Fig. 20. — Xemophahum pyrum (Lam.). Mount Beach, Tauranga. 

Pig 21. — Xi^opUalvum pyrum (Lam.). 40 fath. off Cuvier Island. 

Fig 22 — Xenophaltum pyrum (Lam.). Castlecliff (Upper Pliocene). 

Pig. 23. — Xenophaltum pyrum, powelli (Finlay), 40 fath. Cuvier Id. 

Pig. 24. — Xenophaltum pyrum, powelli (Finlay), off Pastern Coast of Great 
Barrier Id. in deep water. 

Pig. 25. — Xenophaltum^ hamiltoni n.Bp. (paratype). 

Pig. 26. — Xcnophalium hamiltoni n.sp. (holotype). 

Pig. 27 — Xenophaltum harrtsonae n, spi. (holotype). 

Pig. 28. — Xenophaiium harrtsonae n. sp. (paratype). 
ilG. 29,'— Xenophaltum encanum n. sp. (holotype). 


Traws. N.Z. Iwst. Vol. 69. Plate 76. 



Phi. 30. — Euspinacassis multinodosa n. sp. (paratype), 

Fkj. 31. — Euspinavdssis multinodosa n. sp. (holotype). 

Fig, 32:--XrnophaHutn kaawaense Powell & Bartrum (holotype) 
Fids. 33 & 34. — Xenophaliuni torcuma n. sp. (holotype). 

Pmi. '35.-—Xenophahum pyrum (Lam.) Tauranga. 

Pio. 36. — Xenophalium wanganutense n. sp. (holotype). 
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Height, 50 ram. ; rainimura diam., 28 mm. (holotype). (Pig. 31.) 
Height, 47 mm.; minimum diam., 27 mm. (paratype). 

Holotype and one paratype in writer eollection Auckland. 
Habitat : Sea Cliffs at Motutara, West Coast, 30 miles from Auck- 
land in volcanic tuffs, associated with Parvamussium ziiteU Hutton. 
(Lower Miocene.)? 


Xenophalium Iredale. Type X, hedleyi Iredalc. 

1927 Records of Australian Museum, vol. 15, No. 5, p. 333 = 
Xenogalea Iredale, type Cassis pyrum Lam. {he., p. 339). 

Iredale in defining the first-mentioned genus simply stated that 
it was characterized by large size and open unarmed mouth. This 
latter feature is also common to most of the species of his second 
genus Xenogalea, leaving the larger size as the only distinguishing 
character. This feature alone is hardly sufficient justification for 
creating a new genus, so the name Xenogalea is here considered 
synonymous with Xenophalium which has ]>age priority over the 
former. 


Key to the Species of Xenophalium 


A. Columellar Callus-plate thin to moderately thick, 
expanded and curved forwards leaving an open 
false umbilicus 

(a) Post-nuclear whorls spirally grooved and 

strongly nodulous Miocene to Lower Pliocene. 

1. Five rows of nodules on body-whorl 

2. Three rows of nodules on body-whorl 

3. Two rows of nodules on body-whorl 

4. One row of nodules on body-whorl 

(b) Spire and base only, more or less spirally 

grooved. Nodules restricted to shoulder. 
Outer lip smooth within. Upper Pliocene fo 
Recent. 

5. Spire* and base spirally grooved. A few 

indistinct nodules on shoulder of last whorl. 
Suture rapidly descending on last half-whorl. 

6. Spire nodulous, base striated 

7. Spire striated, base almost smootli, nodules 

obsolete 

8. Shell globose, spire low, spire and base striated. 

Suture margined by grooves. Entire absence, 
of nodules. No colour pattern. . . 

9. Spire elevated, striated. Suture margined by 

grooves, base smooth. Entire absence of 
nodules. No colour pattern 

(c) Outer lip denticulate within. 

10. Outer lip finely denticulate within. Spire and 

base deeply grooved. A few inconspicuous 
nodules sometimes present on body-whorl . . 

11. Outer Up strongly denticulate within. Base 

smooth. Early spire-whorls reticulated. Body- 
whorl smooth except for axial growth stages 
and a few sub-sutural spiral threads . . 


ioreuma 
gran get, 
kaawaense. 
fihratum. 


wanganmense. 

pyrum. 

pyrum potoelli. 
hamtUonu 

« 

finlayi. 


harrisonae. 


ericanum. 


QQ 
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B. Columellar Callus-plate thickened, recurved, enclosing 
tiny false umbilicus. Recent. 

(a) Spire and base smooth. Outer lip denticulate 

within. 

12. Entirely without nodules, outer lip thickened. 

Columellar-callus tinted buff to orange lahiatum. 

13. A few shoulder nodules on body-whorl. Outer 

lip thin expanded and recurved. Columellar- 

callus whitish inspeiatum, 

(b) Spire nodulous, base smooth except for a single 

spiral groove, outer lip smooth within and 
thickened on outside by rounded varix. Shell 
very large. Recent. 

14. . .. royanum. 

Xenophalium toreuma n. sp. (Figs. 33 and 34.) 

Shell rather small, strong, encircled by rows of strong rounded 
nodules. Outer lip rather thin, slightly recurved. Canal very short, 
broad, and deeply notched. Whorls 6^, plus minute dome-shaped 
protoconch of 2^ smooth whorls. Penultimate whorl with two rows 
of nodules, the lower one just showing above suture and the upper 
forming a prominent shoulder just above centre of whorl. Body- 
whorl with 5 distinct rows of close regularly-spaced rounded nodules 
and three plain indistinct spiral bands below. The four lower 
nodulous bands close together, the upper one separated from them 
by a j^eater distance. The whole shell covered with exceedingly 
fine spiral striae, not showing on nodules The shoulder bears 13 
nodules on body-whorl. Spire less than half height of aperture. 
Suture slightly undulating. Outer lip smooth within and slightly 
recurved. Inner lip spreading as a callus right to shoulder. 
Columellar-callus rather narrow almost closing false umbilicus. 
Pillar bordered by a single prominent ridge running right to base 
of columella. Fasciole smooth, fiattened, bordered above by a narrow 
ridge. 

Holofype in author’s collection, Auckland. 

Height, 34 mm.; diameter, 24 mm. 

Habitat: Sea Cliffs at Motutara, West Coast, 30 miles from 
Auckland in volcanic tuffs, associated with Parvamvssium zitteli 
Hutton. (Lower Miocene.) ? 

Xenophalium grange! (Marwick). 

1926 Trans. N.Z. Inst, vol. 56, p. 319, PI. 73, Fig. 17. 

Type 1135. Tirangi Stream, North Taranaki. (Upper Miocene). 

Finlay (1926, p. 230) ascribed Phalium grangei Marwick to his 
genus Euspinacassis but the type of scuplture and presence of strong 
ridge at base of columella suggest closer relationship to the species 
fibratum Marsh. & Murd. and kaawaense Powell & Bartrum. Euspinc^ 
cassis is a typical Oligocene type, characterized by strong nodulous 
sculpture and superimposed dense spiral striae, while the pillar is 
sculptured with numerous anastomosing ridges. Xenophalium on the 
other hand is a typical Recent type, mostly smooth or with nodules 
confined to a single row at .shoulder. The columella is invariably 
bordered below by a prominent ridge. 
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These two extremes are almost bridged by a puzzling series of 
Miocene and Lower Pliocene shells having prominent nodulous 
sculpture similar to that of Euspinacassis but with a ridged columella 
as in typical Xenophalium. Closer comparison, however, shows that 
while Euspinacassis has secondary sculpture in the form of dense 
spiral striae continuous over the nodules, the Miocene-Pliocene series 
have the secondary sculpture confined to the spaces between the 
spiral series of nodules. 

The gremgei-fibratum series are better placed in Xenophalium 
on account of the great similarity in the form of the columella. 
Taking the Tertiary species here ascribed to Xenophalvum in their 
geological sequence we find a gradual reduction in the number of 
nodulous rows from five in ioreuma to one in fibratum. 

In Xenophalium and Casmaria the faseiole usually lacks the 
longitudinal striae whose presence is quite a constant feature in 
Phalium, Semicassis, and Eusjnnacassis, However, as the faseiole 
of Xenophalium is not invariablj" smooth, no importance can be 
attached to the presence or absence of this feature in the genus. 

There seems no doubt that Xenophalium is the evolutionary 
product of Euspinacassis but the> are best considered as distinct 
genera having at least one differentiating character in the form 
of the columella. 

If we admit evolution of species then evolution of genera must 
also apply. The fact that Euspinacassis is extinct and Xenophalium 
now the ruling Australasian Rec(‘nt Tassid supports this contention. 


Xenophalium kaawaense Powell & Bartrum. (Fig. 32.) 

1928 Trans, X,Z. Inst., vol. 59, p. 147), Figs. 53 and 54. 

T:spe. Kaaw'a (Veek. (Low^er Pliocene). 

Xenophalium flbratum (Marshall & Murdoch). 

1920 Trans. X.Z. Inst, vol. 52, p. 131, PI. 8, Pigs. 16 and 17. 

Type. Waipipi, Taranaki. (Lower Plioetme). 

Xenophalium wanganuiense n. sp. (Fig. 36.) 

Shell moderately large, ovate, rather thin. Spire and base 
s(‘ulptured with conspicuous linear grooves. A scries of indistinct 
nodules on shoulder of last whorl. Suture rapidly descending on 
last half-whorl. Colutnellar callus-plate thick enclosing very small 
false umbilicus. Outer lip rather thin, rounded, recurved and smooth 
within. 

Height, 64 mm.; diameter, 48 mm. 

Holotype and 1 paratype in collection of N.Z. Grcological Survey. 

Habitat: Wanganui (Upper Pliocene), Castlecliff (type) 2 sp, 
N.Z. Gcol. Surv. ; 2 sp. A. W. B. P., Jan. 1927 ; Kai Iwi. Fragment 
A. W. B. P., Jan, 1927. Apparently a descendant of the Louver 
Pliocene X. fibratum. 
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Xenophalium pyrum (Lamarck). (Figs, 20, 21 and 22.) 

The type has been localized by Iredale as coming from Southern 
Tasmania (1927, p. 339). Shells referrable to pyrum ai'e also found 
Recent in shallow water from New South Wales and New Zealand 
and fossil from the I'^pper Pliocene of Wanganui, New Zealand. 
Although no hard and fast differences separate Tasmanian from 
New Zealand specimens, most of the former have a heavy columellar 
plate showing a small umbilical cavity, while the predominant New 
Zealand type has a thin plate diivcted forwards showing a con» 
siderably larger cavity. Even these features however are by no 
means constant. 

It is evident by the occasional occurrence in New Zealand, of 
the common Australian cassids, labiatum and insperatnm, and the 
Kermadec Island royam, herein recorded, that an effective means 
of dispersal exists, no doubt b}' means of pelagic larvae. Divergence 
between the Tasmanian, New South Wales, and New Zealand colonies 
of pyrum would otherwivSe be expected but for the assumed fairly 
regular interchange of larvae by the agency of oci^an currents. 

The onl> fossil example I have seen of true pyrum is hero 
figui’ed (Fig. 22). It was collected by Mr. W. La Roche recently 
at Castlecliff, AVangaiiui, I'^pper Pliocene, and measures 09 nun. X 
52 mm. All other Cassids I ha\e examined from the Wanganui beds 
have been referrable to either X, wanganuiensi n. sp., .V harrisonar 
n. sp. or Semicassis mvlfisccfa (Finlaj). 

The following New Zealand localities for typical pyrum are 
known to the writer. 

Mount Maunganui and Opotiki, Bay of Phmty (common') . 40 
fathoms off Cuvier Island (Fig. 21). Motutara, West Coast (dead 
shells inhabited by hermit crabs), Paraparaumu and Waikanae 
Beaches, Cook Strait. (Dominion Mus(*ura.) 25 fathoms off Kapiti 
Island, Cook Strait. (Dominion Museum). Castclcliff, Wanganui. 
Upper Pliomie (W. Tja Roche, 1927) 

A large thin-shelled form of pyrum, with shoulder-nodules and 
basal spirals obsolete, occurs in deep v^ater around the New Zealand 
coasts. It cannot be regarded as the normal benthal variant of the 
shallow water species, as typical pyrum also occurs in corresponding 
depths. It is convenient therefore to regard this form as a subspecies 
of pyrum, 

Xenophalium pynm powelli (Mnlay).* (Pigs. 23 and 24.) 

Shell large, thin, globose. Spire low 1/7 height of shell. Outer 
lip thin, expanded and recurved, smooth within. Wliork 7^, plus, 
small, globose protoeonch of 2J smooth whorls. Upper spire-whorls 
finely spirally striated, crossed by faint axial costae. Body-whorl 
smooth except for indistinct axial growth-lines and very faint indica-^ 
tions of basal spirals. Columellar-callus thin, inclined forward, 
leaving a wide false umbilicus. Colour uniformly pinkish-fawn with 
irrefplar axial patches of reddish-brown radiating from suture. Five 
or six irregular blotches of purplish-brown on outer lip, indicating 

♦Since this was written Finlay has described this form as a new speciea 
Xenogalea powcUi, Trans. N.Z. Jnst., vol. 59, p. 247, 1928. 
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the termination of faint colour-bands, only visible on latter part of 
body-whorl. 

Height, 79 mm.; diameter, 66.S mm. (Specimen in author’s 
collection, Auckland.) 

Habitat: Vicinity of Cuvier Island, Bay of Plenty in about 40 
fathoms. From local trawler about 1920. Off Eastern Coast 
of Great Barrier Island in deep water. Mount Maunganui (Ocean 
Beach) (Dr. C. E. R. Bueknill) and Opotiki (Mr. \V. La Roche) 
cast up alive after gales. Waikanae Beach, Cook Strait (A.W.B.P., 
20/12/1927). 40-50 fathoms off Cape Campbell, Marlborough. 

(Dominion Museum, H. Hamilton, July 1925). 

Xenophalium hamiltoni n. sp. (Pigs. 25 and 26.) 

Shell large, solid, globost*, spire low. Spire and base striated 
and with several deeper grooves immediately below suture. Entire 
absence of nodules. Whoi'ls 7^, plus small, globose proto(*onch of 
21 whorls. Columellar-callus thick, inclined forward, leaving a 
moderately open false umbilicus. Outer lip thin, expanded, recurved, 
and smooth within. Colour uniformly pinkish-fawn or light-brown 
with no traces of colour pattern. Interior of aperture, outer lip, 
colunn‘lla and pari(»tal callus whitish. Occasional specimens have a 
few irregular reddish-brown blotches on outer lip. 

Height, 71 mm.; diameter, 55 mm. (holotype). (Fig. 26.) 

Height, 86.5 mm.; diameter, 66 mm. (largest paratype). 

lIoJofifp( and 12 paratypes in Dominion Museum, Wellington. 

JIahitat: Off Cape Campbell, Marlborough, in about 60 fathoms. 
Colh‘ct(‘d by .Mr. II. Hamillou from S.T. hhiturisU" July 1925. 

Xenophalium ericanum n. sp. (Fig. 29.) 

Shell very large and solid, minus nodules, base smooth. Spire 
loss than i height of shell. Whorls 74, inehiding small, globose 
protoconch of 2^ smooth whorls. First two post-nuclear whorls 
finely reticulated by flat-topped spiral riblets and slightly retractive 
narrow’ axial thi*eads. There are about 14 spirals, the upper four 
smaller, more closely spa<*i‘d and mark(‘d off from the others by a 
shallow siib-sutural depression. In the holotype the later whorls 
are almost smootli except for irregular growth-lines and a few faint 
sj)iral threads below suture. In the jiaratype those growdh-lines 
are much more prominent, particularly above the periphery. Aper- 
ture large, ovate. Outer lip strong, thiekened, and slightly recurved, 
with about 23 strong denticles aloiig inner margin. Columellar- 
callus thick, curving forwards forming an open false umbilicus. 
Pillar with seven, short strong plic.ations and tlie usual ridges border- 
ing the base of columellar-callus. Fasciole sculptured witli irregular 
longitudinal striae. Colour pinkish-fawn, mottled with small 
irregular reddish-brown patches, arranged in obscure spiral series 
becoming more definite towards outer lip. Five bands on body- 
whorl. 

Height, 108.5 mm.; diameter, 62.5 mm, (holtyi)e). 

Height 98.5 mm,; diameter, 62 mm. (paratype). 

Holotype in author’s collection; paratype in collection of Mrs. 
F. W. Sanderson, Whangaroa. 
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Habitat : 25 fathoms off Berghans Head, 8 miles N.B. of Mango- 
nui, May 1928. (Collected by Mr. Eric Sanderson, of Whangaroa, 
after whom the species is named.) 

Remarks X This shell has a slight resemblance to X. pyrum 
pou/eUi, but can be distinguished by the strongly denticulate outer 
lip and curious axial growth-folds. 

Xenophalium harrisonae n. sp. (Figs. 27 and 28.) 

Shell large, globose, spire low, very solid. Spire and base deeply 
grooved. Mostly devoid of axial sculpture except for a few indistinct 
shoulder-nodules, sometimes present on latter part of body-whorl. 
Columellar-callus very thick, enclosing small false umbilicus. 
Columellar slightly oblique; pillar almost straight in outline, sculp- 
tured with 8 or 9 transverse ridges, obsolete on reaching callus-plate. 
The lowest ridge slightly stronger but not prominent and projecting 
as in pyrum. Outer lip thickened inside aperture and with fine 
denticulate inner edge, outside expanded and recurved. Colour 
pinkish-fawn, ornamented with small irregular blotches, connected 
longitudinally in form of llcxuous streaks, broken up into four 
indistinct spiral bands. Fascicle showing usual crescentic transverse 
growth lines as in pyrum. 

Height, 66 mm.; diameter, 47 mm. (holotype). (Fig. 27.) 

Holotype and 4 paratypes in author’s collection, Auckland. 

Habitat i Masons Beach, Stewart Island. (Mrs. B. H. Harrison, 
1926.) CastlecliflP, Wanganui, Upper Pliocene. (N.Z. Geol. Survey 
coll. 1 sp.). 


* Xenophalium finlayi (iredale). 

1927 Xenogalea finlayi Iredale, Records of Ausiralian Musium^ 
vol. 15, No. 5, p. 342. 

1924 Cassidea titadialis of Finlay, Trans. N.Z, Insf., vol. 55, 
p. 525, PI. 52, Fig.s. 3, a, b, c. 

Shell large and thin, spire elevated. Entire absence of nodules 
and basal striae. Upper whorls spirally striated. One or two wide, 
shallow grooves just below suture on lower whorls. Colour uniformly 
fawn-amber, minus colour pattern. 

Habitat: Trawded in about 20 fathoms between Otago licadsf 
and Waikouaiti. 

Xenophalium labiatum (Perry). (Pigs. 15, 16 and 17.) 

Several authentic New Zealand records for this Becent shell 
are given below. The type locality according to Iredale (1927, p. 
347) was probably Sydney, New South Wales. Iredale (he.) also 
referred all New Zealand records of labiatmn to his recently described 
msperatvm. True labiatum is easily distinguished from insperatum 
by the total absence of shoulder-nodules, buff to orange-tinted 
columellar-callus and heavy outer lip. Insperatum always shows a 
series of shoulder nodules on the last whorl. The columellar-callus 
is white and the outer lip is thinner, expanded, and recurved. The 
New Zealand records for labiatum, all carefully checked by the writer,, 
are as follows. 
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November, 1920. Smugglers Bay, Whangarei Heads (one 
damaged empty shell, 56 mm. X 36 mm. A.W.B.P.). (Pig. 16.) 

November, 1923. The “Beacon,” Tauranga Harbour (one 
specimen found alive in 4 inches of sand between boulders at low 
bpnng tide, 61 mm. X 43 mm. Dr. C. E. R. Bu(inill). (Figs, lo 
and 17.) Tryphena, Great Barrier Island, in about 10 fathoms (two 
very large specimens obtained from crayfish pots. C. Osborne). 
Omiaha, Hauraki Gulf (one specimen in Auckland University College 
collection, and two in collection of Auckland Museum labelled as 
above). 


Xenopbalium insperatum (Iredale). (Fig. 19.) 

1927 Records of Australian Museum, vol. 15, p. 349, PI. 31, 

Pig. 8. 

Type from New South Wales. The distinguishing characters 
are given above under the species labiatum. The New Zealand shells 
compare well with the original description and the odd New South 
Wales specimens I have seen. 

Winter months, 1922. Mount Maunganpi, Bay of Plenty (a 
number of living specimens cast up on the ocean beach.; largest 
specimen 73.5 mm. X SI mm. Dr. C. E. R. Bucknill). 

Early summer, 1918. Muriwai Beach, West Coast (one empty 
shell, A.W.B.P.). 

Winter months, 1922. Opotiki, Bay of Plenty (three living 
specimens cast up with large numbers of pyrum. Mr. W. La Roche.). 

Since the above was written Finlay has described the New Zea- 
land shell as a new species, Xenogalea coUacea, Trans. N.Z. Inst., vol. 
59, p. 246, 1928. The present writer is however unable to satisfac- 
torily separate Australian and New Zealand specimens. 


Xenophalium royanum (Iredale). (Figs. 11 and 12.; 

1912 Cassidea royana Iredale, Pro. Mai. Soc., vol. 10, p. 227. 

Only two imperfect specimens of this species have hitherto been 
recorded. Both were from the Kermadcc Islands, the type now 
being in the Cauterburj’ Museum and the other specimen, collected 
in 1887 by Mr. T. F. Cheeseman, in the Auckland Museum. This 
latter specimen which is considerably worn and bleached, measures 
135 mm. in height by 83 mm. in diameter. 

This species is now known to be a definite constituent of the 
New Zealand fauna, having been collected on several occasions during 
1926, in crayfish-pots from 20 fathoms off the Cavalli Islands, 
Whangaroa, by Mr. E. Sanderson. Five specimens have so far been 
found, all were inhabited by hermit crabs. The specimen here 
figured is remarkably well preserved and although much smaller than 
the type, agrees perfectly Jn every other detail. The dimensions 
of the figured specimen and of one of the remaining four, now in 
the collection of Mr. W. La Roche, of Auckland, are as follows. 

Height, 101 mm.; diameter, 61 mm. (Figs. 11 and 12.) 

Height, 122 mm. ; diameter, 72 mm. (Coll, of Mr. W. La Roche.) 
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Semicassis multisecta (Finlay). (Pigs. 13 and 14.) 

1873 Cassis striatus Hutton. Cat, Tert, Molly p. 8. 

1914 Phalium {Cassidea) achatinum pyrum (Lamk.) Snter, 
N,Z. Oeol Surv, Pal. Bull, No. 2, p. 4. 

1924 Cassidea multisecta Finlay (Nom. Nov.) Pro, Mai Soc,, 
vol. 16, p. 101. 

A rather small solid shell, readily distinguished from the Xeno- 
phalium pyrum series by the following characters. Shell usually 
covered aU over with regular, prominent, evenly-spaced, spiral 
linear grooves. Sometimes in large specimens these grooves become 
faint towards centre of body-whorl. Columellar callus-plate thick, 
expanded, sculptured with prominent wrinkles and odd tubercles. 
In adult specimens outer lip thickened, rounded, and strongly denti- 
culate within. Fasciole distinctly, longitudinally striated. Most 
specimens have a series of blunt quadrangular nodules on the 
shoulder. 

Hahiiat: Wanganui (Upper Pliocene), Castlecliff 2 sp. A.W.B.P., 
Jan. 1927 (Fig. 14. 53 mm. X 37 miii.) ; 1 sp. coll. N.Z. Gcol. Survey. 
Kai Iwi, 2 sp. coll. N.Z. Geol. Survey (Pig. 13, 34 mm. X 23 mm.). 

The three main generic characters of Semicassis, prominently 
wrinkled columellar callus-plate, longitudinally-striated fasciole, and 
crenulated outer lip, make allocation of the species a simple matter. 
The genus is e\ddently an old one, having a wide Recent range, 
although apparently extinct in New Zealand to-day. The nearest 
geographical Recent occurrence of the genus to New Zealand is 
represented by the New South Wales S, diuiurna Iredale. 

Other typical species of Semicassis are Saburon Adamson and 
sulcosa Born, both Mediterranean, inflata Shaw West Indies and 
Japonica Reeve from Japan and the East. 
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Further Notes on an Artificial Rubus, 

Hybrid (x Rubus parvicoloratus Vida). 

By H. H. Allan. 

before the Philosophical Institute of Canterbury, 1st August, 1928; 
received by Editor, 20th September, 1928; issued separately, 

30th iSovembvr, 1928.'] 


Plate 77. 


A DESCRIPTION of tlio FI sccdliiip^ of this ailificial hybrid was 
given in Trans. X.Z. Jnsi., vol. 58, 1927, pp. 51-54. The horticultural 
value of the hybrid was stated in The Gardeners* Chronicle of 19th 
November, 1927, ]). 405, and its points of difference from the 'well- 
known X Barl'iri mentioned. Reference was there also made to 
the wild hybrid plant (X R. Mackayi) discovered near Notown by 
Dr. W. Mackay, of Greymouth. This latter plant resembles X B- 
Barken rather closely. A third wild hybrid i)laiit was grown for 
some time on the Nelson Rock Garden Society’s rockery. A cutting 
from this has been established by Dr. L. T’oekayne in his garden at 
Ngaio. The original plant possibly came from the Styx valley, but 
I have been unable to obtain exact information. This hybrid very 
closely resembles my artificial one. Should its origin from a wild 
hybrid plant be definitely shown I propose for it the name X 
Ilolloumfi, after Dr. J. K. Holloway, whose botanical work on the 
w(‘st coast of South Island is so well known. 

A comparison of the three wild hybrids with the artificial hybrid 
strongly suggests that both X B. Burkeri and X B. Mackayi are deri- 
vatiA’cs of the cross /?. australis X pariHis, and that X B. Ilollowayi 
is derived from B. parvm X schmulclioidcs. The male parent of my 
hybrid was R. schmidelioidfs var. coloratus. This jordaiion I regard 
as so distinct from what has been considered /?. schmidclioides proper 
that it should have specific rank. It is by no means certain, however, 
that var. coloraixis is not really Cunningham’s J¥. schmidclioides. His 
description {Ann. Xat. Hist., vol. 3, 1839, p. 568) includes foliolis 
omnino tematis rugosis venosis subtus (discoloribus) valde ferra- 
gineo-tomentosis. ” This certainly does not fit the jordanon wdth 
orbicular-ovate, glabrous leaves. 

A comparative table of the vegetative characters of the adult 
hybrid and its parents is here given, as it may be a long wait till the 
hybrid plants flower. It is of interest to note that the succession of 
leaves on lateral branchlets of the adult is from unifoliate, through 
irregularly bifoliate and trifoliate forma, to the fully trifoliate leaves 
of the final stage, thus recalling the forms passed through by the 
seedling plants as a whole. 
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Left. — /f. svhmideltoides var colorafus. 
Right. — fi. parruit. $ parent. 
Between.— X parvKnloratus Vida. 
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The Male Genitalia of the New Zealand 
Pterophoridae. 

By AiiFBED Philpott, Hon. Research Student in Ijepidoptera, 
Cawthron Institute, Nelson. 

IRead before the Nelson Philosophical Society , 29th August, 1928; received 
hy Editor, 18th September, 1928; issued separately, 

30th November, 1928.] 

About 20 New Zealand species of this family have been recorded, 
two or three of which are of doubtful validity. All are endemic 
except the practically cosmopolitan Stenoptilia zophodactyla Dup. ; 
no endemic genus, however, has been evolved. 

The most striking characteristics of the male genitalia are the 
complete absence of all trace of the gnathos and socii, the lateral 
position on the aedeagus for the entrance of the ductus ejaculatorius 
(not in Alucita) and the peculiar form of the juxta. Not having as 
yet studied the other Pyraloid families, I am unable to say if the 
absence of the gnathos and socii is of any phylogenetic significance, 
but I note that Petersen (Die Gattung Crambus P. Verhamd, 111, 
Intemat. Ento-Kongres. Zurich, p. 405) figures a well-developed 
gnathos (which he terms the “subscaphium^^) in Crambus, 

The genera Platyptilia and Stenoptilia have long been recognized 
by systeiuatists as groups which are not separable hy definite and 
unfailing characters. Though the bulk of the species can be assigned 
to the separate categories without much difficulty there remain a 
fair number of forms which fit about equally well into either genus. 
The male genitalia offer no help in this connection; it is not possible 
to distinguish the structures geuerically, and one description may be 
used to cover the united groups, 

Platyptilia Hiibner. 

Stenoptilia Hiibner. (Pigs. 1-8.) 

These genera are practically cosmopolitan. Platyptilia contains 
by far the greater number of species though Stenoptilia would 
appear (owing to tlie absence of the black scales in the fringes of 
the hindwings) to be the more primitive. The two genera comprise 
all except four of the known New Zealand Pterophoridae, but only 
eight species have been available for dissection. 

Tegumen short, broad, not fused with vinculum; uncus long, 
narrow, pointed, curved or bent, with short baekwardly-directed hairs 
on upper surface. Aedeagus strongly curved, rather swollen basally, 
the ductus ejaeulatorius entering this swollen portion on the left 
side ; just above this swollen i>ortion is a thumb-like process project- 
ing ventrally and coming into contact with the basal groove of the 
juxta, while the apical portion of the aedeagus rests between its 
upper lobes. Juxta forming a curved somewhat funnel-shaped struc- 
ture at base, with a pair of broad lobes above, and ending in another 
pair of lobes which are more or less triangular and pointed; both 
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Fig. h—PlatypUha epotu Meyr. A, male genitalia. B, harpe; D, aedeagus 
and juxta, F, uncus, dorsal view. 

Fig. 2 — P aeolodes Meyr. A, male genitalia; B, harpe, D, aedeagus and 
juxta; F. uncus, dorsal view. 

Fig. 3. — P. falcataUs Walk. A. male genitalia; B, harpe; D, aedeagus; % 
juxta, lateral vie^ ; Ba, Juxta, caudal view; P, uncus, dorsal view. 

Fig. 4 — P, depnvatalts Walk. A, male genitalia; B^ harpe; P, uncus, 
dorsal view. 

Pig. 5.—P. hehastts Meyr. A, male genitalia; B, harpe; E, Juxta, lateral 
view; F, uncus, dorsal view, J, vinculum. 
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pairs o£ lobes bear some short stiff hairs apically and the aedeagus 
rests between the divergent upper pair. Harpes long, leaf-like; 
sacculus well marked but not free at apex; cueuUus with short 
ventral hook near apex; central area with dense fine long hair directed 
towards upper margin, apical hair directed backwards, hair on 
sacculus basally dii^cted inwards, very short apically. Vinculum 
with very thin arms; saccus absent, but a rounded process is directed 
caudally, its apex being covered with short, stout spines. 


KEY TO THE SPECIES OF PLATYPTILIA AND i^TENOPTILIA 


1 With black scales in dorsal fringes of hindwings 
Without black scales in fringes of hindwings* 

2 Uncus constricted basally 
Uncus not constricted basally 

3 Uncus strongly compressed laterally 
Uncus not compressed laterally 

4 Uncus on dorsal view hardly dilated, juxta with apical 

lobes blunt-pointed 

Uncus on dorsal view moderately dilated, juxta with 
apical lobes acutely pointed 
.5 Uncus very thin, long, with finely taiieied apex 

Uncus moderately broad, short, apex shortly pointed 

6 Uncus constricted at base 
Uncus not constricted at base 

7 Uncus almost lectangularly bent 
Uncus very obtusely angled 


2 . 

6 . 

3 . 

5. 

P epoixs Meyr. 

4 . 


P aeolodes Meyr. 

P falcatahs Walk 
P dep} xvataUs 

Walk. 

P hehaf,Us Meyr 
7 

X reUdota Moyi 
ft vxq(7is Feld 
hth<)xe<}fa 

Me\ r 


*A few black scales are frequently present in vigens, also m Uthoxesia, 
and, according to Mr. Hudson, in cehdota On the other hand, examples 
of diptivatalis are not uncommon in w^hich the scaling is entirely absent 


Aludta Linue. (^'igs. 9-12.) 

A genus of moderate extent with four endemic species in New 
Zealand. The male genitalia are more or less asymetrical and 
differ widely from the type met with in Platyptilia and SfenoptiUa. 

Tegumen moderate or broad; uncus curved or recurved, 
narrow Aedeagus thin, curved or bent, without ventral process, 
ajiox frequently somewhat dilated and bent. Juxta an asymetrical 
structure with basal plate strongly attached to right harpe and 
apical portion dividing into a pair of irregular lobes, the left being 
much the longer, Harpes long, moderate or narrow, curved, more 
or loss asymetrical; sacculus a long thin curved or sinuate free 
process, sometimes divided into two asymetrical prongs. Vinculum 
with caudal process as in Platyptilia, without hair or spines. 


Lettering: ae, aedeagus; be, barb or cucullus, e, comutus; de, ductus 
ejaculatorlus; fs, free lobe of sacculUs; h, harpe; j, juxta; Ij, lower lobe 
of juxta; pa, ventral process of aedeagus; sh, modified scales on harpe of 
A. innotatalis; sa, sacculus; sv, spines of vinculum; t, tegumen; u, uncus; 
uj, upper lobe of Juxta; v, vinculum; va, vesica. Unless otherwise stated, 
the views of the genitalia (A) and aedeagus (B) are from the lateral 
aspect; those of the harpe (B) are from within. 




I'iQ. 6 . — BtenoptiHa eelidota Meyr. A, male senitalia; B, h&xpe; D» aedeftfus; uncafi 
dorfial vlt*>v; J, vltwMilmu 

Fjq. 7. — 8. lithoweata Me>'r. A, male fenitalla; B. barpa; B, juxta. lateral Tlew; Ft wunum 
doraal view; J, vinculum. 

Fig 8. — 8 vigena Feld. A, male genitalia; B, harpe; D, aodeague; F, unoiia. doraal riew* 
0. — Aluoifa innotatalia Walk. A, male genitalia; B, barpe; C, tegumen, doraal rUrWi 
E, juxta, caudal view. 

Fiu. 10 — A. furoatalia Walk. A^ male genitalia; Bl, left barpe; Br, right barpe; C» tafll* 
men, ventral view; D, aedMgiui, ventral view; B, juxtm, eandal view; X* 
vinculum. . 

l^iG. 11 . — A. lyooaama Meyr. A, male genitalia; Bl, l«tt barpe; Br, right harpe; D, eedeeilllt 
E, juxta, caudal view; J, vineulimau 
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KBY TO THE SPECIES OP ALVCITA. 

1. Harpes covered outwardly, except on apical portion, 

with large oval scales ; uncus slightly curved innotatalia Walk. 

Harpes without such scales; uncus strongly curved 
or recurved 2. 

2. Uncus recurved; sacculus not divided apically furcatalia Walk. 

Uncus not recurved; sacculus divided apically 3. 

3. Apex of left harpe narrow, pointed lycoaema Meyr. 

Apex of left harpe moderately broad, rounded monospilalis 

Walk. 



Fig. 12.— a. monospilalia Walk, A, male genitalia; Bl. left harpe; Br, right 
harpe; D, aedeagus; E, juxta, caudal view; J, vinculum. 
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Mineral Content of Pastures. 

Phosphorus Deficiency in some Woirarapa Soils 
and Pastures. 

By B. C. Aston, P.N.Z. Inst. 

[Received^ hy Editor, 1st November, 1928, issued separately, 
SOth November, 1.9^8] 


The analyses of a number of soils and pastures from the fertile 
Wairarapa districts, exliibit sucli abnormal features that it is desir- 
able to bring the matter prominently before workers in this most 
important subject for their guidance. 

The samples were collected in February 1928, after an exception- 
ally dry season, only 0.5 of an inch of rain falling in the preceding 
month of January. Mr. C. M. Wright, Country Analyst, under the 
Empii’e Marketing Board *s scheme for mineral content of pasture 
research, collected the samples, and contributes valuable notes on the 
local conditions prevailing. 

Hamua, Hukanui (540 ft. above sea-1 c\ el), near Eketahuna 
(soil sample No. xll29, pasture samples 6129, 6130). This farm is 
situated on rich land, but there were only nin(‘ cows, out of thirty- 
nine, in calf in February The other thirt} cows kept returning to 
the bi^. The day paddocks pasture was six years old and consisted 
of white clover, cocksfoot, dogstail, ryegrass, and cowgrass, it having 
had cwt. superphosphate in three years. The night paddocks 
were not topdressed, but have been ploughed and are four to six 
years old. The botanical analysis of the day paddock pasture, 6129, 
compared with the night paddock, 6130, by weight, on the dry 
material, is as follows: — 


6120 



TopdiesRpd 




Per Cent 

Cocksfoot and 

dogstail 

34 

White clover 

25 

Ryegrass 


17 

Fog 


10 

Weeds 


4.5 

Red clover 


36 

Miscellaneous 


60 


6no 

Not toi)dre«s«»cl 


Per Cent, 


Cocksfoot 46 

White clover 18 

Weeds 11 

Fog 10 

Miscellaneous 16 


Mr. Webster, Government Veterinarian recently in charge of the 
Wairarapa District, who is keenly anxious to determine the cause 
and to find remedies for the various troubles which affect stock, 
reports that in cows a good deal of temporary and permanent sterility 
occurred on this farm for the last two seasons, and this season a good 
deal of abortion took place. 

The cowgrass aftermath sample (2024) from paddock was cut 
for hay in January and not grazed since. This paddock had four 
cwt. superphosphate on previous crops (swedes and oats). Feeding 
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cows with linseed nnts and oatmeal increased the yield of milk per 
cow. The phosphate topdressing has evidently increased the content 
of phosphate in the pasture here, but the phosphate content is very 
low in the unmanured paddocks. Clubroot in the swede crop is 
responsible for failure after the first crop taken. On an adjoining 
farm, there are only five or six cows, out of fifty, in calf. A pasture 
sample, No. 6131, showed a higher PjOb content, but this farmer 
topdresses with phosphate and Ume. 

Atea, Hukanui. This is poorer country, the forest originally 
being Nothofagus (beech). Last year '‘Waihi disease'' badly 
affected the cattle, but topdressing a few acres with superphosphate 
made a great improvement on the poor country, and the clover came 
away Well. This year there has been no ‘‘Waihi disease ' and it 
is being further topdressed with phosphates (soil sample No. X 1131). 
Pasture sample 6132 from the non-topdressed land shows the very 
low phosphoric acid content of 0.20 per cent, on the dry matter 
and explains fully why the bone malnutrition disease affected the 
cows. The lime-requirement of 0.65 per cent, is exceptionally high, 
and it would probably pay to lime this land if lime is procurable 
«t reasonable cost. Regarding this farm Mr. Webster reports a eom- 
})lete absence of o(»strum in a large proportion of the herd. 

H|mua rich flat lands contain a farm of 113 acres, carrying 
90 cows and about 100 sheep. The river silts this land over each 
year. Last year there was no temporary sterility in the cows, but 
this year difficulty is being experienced. The non-topdressed land 
pasture consists of white clover, ryegrass and crested dogstail. The 
owner topdressed a small hay paddock of about 8 acres with 2 cwt. 
superphosphate, and the growth was so strong that he could not 
deal with it. The original forest was matai, totara, rimu, rata, 
mahoe, hinau, etc. It is usually understood that matai (black pine) 
indicates good rich soil. Soil sample* xll62 from non-topdressed 
paddocks. Pasture from non-topdressed land No. 6133. Mr. Web- 
ster reports that this farmer has had verj^ little trouble with his 
stock. 

A Mauriceville farm, on land opposite the lime- works, but not 
topdressed or limed has 40 years’ old pasture (sample No. 6128) 
consisting of white clover, cocksfoot, ryegrass, timothy, and crested 
dogstail. The cows are clean, but four or five keep returning to 
the bull. This soil No. xll27, has a slight alkaline reaction, a nega- 
tive lime-requirement figure and a high lime-content, but the pasture 
contains only 0.37 per cent. P^Ob. Tne well-known effect of calcium 
carbonate in the soil making the phosphate more available may be 
economising the small amount of phosphate present in the soil, but 
the amount present in the pasture is still too low. Mr, Webster 
reports that this fanner has no trouble, except that an occasional 
heifer may have difficulty in conceiving. 

On some farms between Carterton and Masterton ' ^ Waihi 
disease ’’ appears to have been suspected, as cows were seen chewing 
bones (soil No« xll89) from Belvedere. Last spring on this farm 
some 15 acres were top-dressed with superphosphate, 2 cwt. per acre, 
and bran was fed to the cows. This year the cows have come in 
season and are holding to the bull The pasture on the foot-UIls 
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is from country which is growing totara, manuka, and blackberiy 
to some extent. It consists of 75 per cent, of weeds of all sorts^ 
the remainder being bent-grass (Agrostis), brome-grass, white clover, 
and cocksfoot in about equal proportions, the whole being very old 
pasture. This pasture (sample 6137) shows a very low nitrogen 
and phosphoric acid content. Mr. Webster reports this farm to be 
definitely afflicted with Waihi disease.’’ Absence of oestrum was 
also a difficulty, and this farmer has had good results from feeding 
bran and superphos[)hatc to <*ows\ 

From this farm are therefore obtained data which strongly 
support phosphatic dressing of pasture and supplementary feeding 
with food stuffs rich in phosphate. 

A Featherston farm is about 50 ft. above sea-level, on a rich flat 
which is annually covered with silt from the Ruamahanga river when 
in flood. Ground limestone and superphosphate (3 to 1) has bc'en 
used as a topdressing on the night paddocks, at the rate of 3 cwt. 
per acre per annum. This pasture is 30 years old and consists of 
ryegrass 40 per cent., white clover 40 per cent., fog, cocksfoot, and 
dogstail 20 i>er cent. It is grazed fairly short, leaving only really 
good sheep feed (pasture sample 6134. Soil No. X 1133). ]\Ir. Web- 
ster reports that this farmer has a fair amount of temi)orary stt‘rility 
with typical cervicitis.* 

The pasture on the day paddocks was not topdressed, but was 
the same age as that of the night paddocks and contained white 
clover 25 per cent., fog 37 per cent., cocksfoot and rye 37 per cent. 
These were well grazed but not so short as thc^ night paddocks 
(pasture sample No. 6135, soil sample No. X 1135). 

A Greytown farm represents a patch of country where neither 
willows nor poplars will live, although repeated attempts have been 
made to establish th(‘m. The pasture consi.sts of white clover in 
good amount, cocksfoot, ryegjuss, and fog and is old, possibly 
30 years since laid down (pasture sample 6136, soil No. xll37). 
On this farm there are some special patches of soil representing 
slight elevations or knobs standing out over the surrounding level, 
where springs arise and apparently bring to the surface minerals 
which cause the herbage to be unusually attractive to stock. Sample 
of soil, xll61, from these knobs shows a high lime-content, but as 
the sample is a humus one its comparison with the other soils is 
scarcely permissible (])asture sample 6176). Mr. Webster reports 
that this farmer has had a considerable amount of sterility, both 
temporary and permanent, for several years. 

This farm was visited by Mr. Grimmett in September last, who 
learned that the owner had been feeding concentrates, bone-meal, 
and superphosphate to his cows, but was now relying on topdressing 

♦The above are Mr. Wright's figures from mere inspection and visual 
estimate of amount of pasture components present. A botanical analysis 
made in the laboratory shows the estimate to be a very close one, the figures 
obtained being: 

Grasses 66.8 per cent. 

Legumes 42.3 „ 

Weeds 2.3 „ 


If If 


99.9 
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the pasture with lime and superphosphate. The September pasture 
sample showed 0.79 per cent, phosphoric acid and 0.65 per cent, 
calcic oxide (pasture sample No. 6176). 

A Kaituna farm situated on the foot-hills near Mt. Holdsworth at 
an altitude 650 ft. above the sea represents a large area of country. 
The forest was originally of the tawa-rimu type with totara 
scattered through it. Topdressing with superphosphates makes a 
great difference in the apparent palatableness of the pasture and the 
clover content. The area not topdressed was neglected, while that 
topdressed was well grazed and about five times richer in clover. 
Last season the cows did not come into season until after Christmas, 
but this season they were fed with bran and superphosphates from 
the end of September to the end of December and now (February) 
seem normal. The twenty-five year old pasture consists of brown- 
top, white clover, dogstail, fog, Danthonia, fescue, and weeds 
(pasture No. 6126). The farm was visited again in Septembi^r and 
a further sample of the pasture collected (6175). It will be seen 
that the February sample contained only 0.2 per cent, phosphoric 
acid, whereas the September sample contained 0.45 per cent. Club- 
root in swedes is reported from this locality. The owner was unfor- 
tunately absent at the second visit and the samples are not neces- 
sarily from land treated similarly. Mr. Webster reports that this 
farmer has experienced a good deal of “ Waihi disease and absence 
of oestrum until late in the season. 

Several farms were visited in September in the Featherston 
district, and samples of pasture taken from farms where temporary 
sterility and eclampsia were either occurring or had occurred. The 
pastures generally were of a high order of nutritive value, consisting 
of ryegrass, clovers, cocksfoot, and fog. Some of the farms had 
been dairied on for 60 years and had had no fertilizer until the 
last few years. Pasture samples 6172, 6173, and 6174 all showed a 
high phosphate-content compared with previous samples taken in 
February, about l.l per cent. FjOg and with 0.53 to 0.79 per cent. 
CaO. It does not appear that a deficiency of either phosphoric acid 
or lime is present. 


The Soil. 

Mechanical Analysis : The soils and sub-soils have been analyzed 
by the most recent method, i.e., the dispersion method of the Agri- 
cultural Education Association (of England). The results are given 
in the table 1. They show that the soils of the Wairarapa range 
from loams to sandy and silt loams. There is also a small propor- 
tion of soil resulting from the drainage of swamp-lands which are 
so high in their organic matter content as to be classified as humus, 
or peaty soils, which must always be considered as a class apart, 
rnd not to be judged by standards in use for ordinary soils. Loam- 
soils are usually highly fertile, and no exception can be taken to the 
texture of the Wairarapa soils, when viewed in the light of their 
mechanical composition. 

Chemical Analysis: The top soils (9 inches) have been analyzed 
chemically (see table 2), and show rather a wide range in reference 
to the need for lime. Of the non-humus soils only one shows 
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an unusually high lime-requirement figure, the Hukanui soil which 
requires 0.65 per cent, of carbonate of lime, another soil near the- 
Maurioeville lime-works has a negative requirement and a slight 
alkaline reaction. The fact that the clovers are so prominent a feature 
in the pastures shows that there is no lack of calcium in the autumn 
food-supply, and that from the point of view of the health of stock 
further calcium applications are not indicated as necessary. 

The lime-requirement figures of the samples received from the 
Wairarapa over a series of years have been examined, and the 
following results may be of interest. 


Ko. of MiupleM 

Miftlyied 

LocftUty 

Arerajpe LI me Ilequlie 
ment, Hutchinson McLell 
Method ChCo, 

2. 

Woodville 

0.24 per cent. 

3. 

Pahiatua 

0.29 „ 

8. 

Eketahuna 

0.42 „ 

2 

Masterton 

0.09 „ 

6. 

Wairarapa South 

0.30 „ 

8. 

Featherston 

0.21 „ 


There is nothing in these figures to denote such a pressing need 
for lime in the Wairarapa district that the health of stock is liable 
to suffer. The results are what one would expect in an ordinary 
North Island soil where the requirement is usually from 2-4 tons 
per acre, roughly equivalent to 0.2 to 0.4 per cent, calcic carbonate. 

Total nitrogen is present in good proportion, and potash would 
in no case seem to be deficient. The only other constituent it is 
necessary to enquire into is the phospliorie acid, and it wiU at once 
be seen that on several of the farms the total phosphoric acid is 
present in low amounts The available phosphoric acid when it falls 
to such a low figure as 0.003 to 0.005 per cent, is very low, and even 
0.007 is low when one has to consider the effects of a droughty 
summer and that the pasture is for the maintenance of dairy cows 
as well as sheep. Summing up the results as shown by soil-analysis, 
one may say that it is quite probable that lime will do good in most 
cases, but the abundance of the clovers, which usually contain about 
twice as much calcium as the ordinary grasses, indicate that it is 
not to the deficiency of calcium in the pasture that one may attribute 
the failure of cows to thrive normally. In the case of phosphoric 
acid, there is clearly room for suspicion that owing to the low amount 
present and the fact that drought occasions a greater diminution 
in the phosphate absorbtion from the soil by pasture than of the 
other mineral elements likely to be deficient, it is quite likely that 
if lack of any mineral food is causing partial sterility or *'Waihi 
disease in cows, that mineral food is phosphoric acid. The best 
evidence, however, must be looked for in the analysis of the pasture. 

Pasture Awtlysis: In these samples (see table 3) it will be seen 
that there is a very great disproportion in the relative amounts of 
phosphoric acid and calcium oxide present. In the phosphoric acid 
amounts are found which would compare with what is found in the 
poor pastures in the Island of Lewis, 0.25 per cent., the Falkland 
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Islands 0.54 per cent., and the comparatively dry innutritions 
pastures of South Africa. The very low nutritive value of the 
pastures in some cases, as shown by the nitrogen determinations, 
should be noted. Low phosphorus-content appears to occur together 
with low nitrogen-content. There are no instances of very low iron- 
content, but a number of the samples are contaminated by soil as 
shown by the high alumina-content of the pasture-samples. 

The manganese-contimt is below the iron-content in most cases, 
but some of the manganese and iron may be contributed as a con- 
tamination by the soil. The calcium-content is as a rule high for a 
pasture. 

Sir Arnold Theilor in his work on South Africa (‘‘Minimal 
Mineral Requirements in Cattle,^’ Journal of Agricultural Science, 
July, 1927), carried out very careful experiments with heifers to 
determine what was the effect of low mineral-rations, particularly 
regarding phosphorus and calcium, the proportion of the different 
minei'als b(*ing varied in different experiments. 

As exami)les of low calcium-ratioiLS he quotes : — 

“A’’ experiment where 6.9 grams of CaO were given per 

day, which may be conveniently referred to as .0150 lb. CaO. 

“E’’ experiment where 8.2 grains of .0183 lb. C^aO were 

given. 

As examples of high calcium rations he quotes: — 

“D’' experiment 29.0 grams CaO per day, or .0650 lb. CaO. 

In experiment abundant phosphate was provided for both 

animals. In this experiment one animal aborted twin calves, the other 
gavt‘ birth to a normal calf, but the cow died of metritis following 
retention of the afterbirth. 

The Wairarapa pastures, assxiining that only the lowest summer 
amount of calcium oxide found (0.7 per cent.) was present, would 
l)rovide a coav eating 28 lb. of dry matter with 0.196 lb. CaO per day, 
or more than thrice as much calcium as Theiler considers a high 
calcium-ration. 

Again, AYilson considers that the average cow's rations should 
contain : — 

For maintenance . . 016 lb. CaO. 

For calf (unborn) .008 lb. CaO. 

For every gallon of milk .016 lb. CaO. 

.040 lb. CaO per day, 

or more according to yield of milk. 

The Wairarapa cows should be getting more than three times 
this amount of calcium oxide in the pasture, w^hioh is lowest in 
calcium. 

Turning to the phosphorus-supply of the Wairarapa cows, there 
are Theiler ’s excellent experiments, which are again of great assist- 
ance in helping one to form an opinion as to minimal requirements. 
In experiment ‘'D'' in which only 5.1 grams PgOg-* (0.0114 lb.) were 
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consumed in the ration of each of two heifers, ample other nutrients 
being provided, it was found that both animals developed ‘‘Sty- 
fsiekte'' (a malnutrition disease affecting the bones) and gave birth 
to an abnormal or a dead calf respectively. Theiler considers ‘‘sty- 
tsiektc'’ is “straight aphosphorosis ’ ^ (phosphate deficiency disease). 
The supply of PjOg in this experiment is obviously inadequate. 
As an adequate P2O5 supply ‘'more than sufficient for growth, and 
indeed, sufficient to obviate actual deficiency disease after calving, 
provided the milk yield is low^^ Theiler instances in experiment “C*' 
the case of two heifers, which each received in her ration 28 grams 
(.0625 lb.) PgOg. In this experiment the mothers remained healthy 
and gave birth to healthy calves, which developed normally. In 
these experiments of Theiler ’s, which were conducted under South 
African conditions, it must be remembered that only a maximum of 
3^ lb. of hay was given daily to each animal, the most of the ration 
consisting of concentrates, such as bran, crushed maize preparation 
“fanko,"’ bone meal, and blood containing phosphoric acid in a high 
state of availability. No grazing was given, so that the total ration 
apart from minerals would weigh not more than 13^ lb. daily for 
each heifer. It is worth noting that Theiler presumes that skeletal 
reserves (the reserve of P2O5 in the bones) are sufficient to allow 
for comparatively normal growth for several months, a valuable pro- 
vision of nature enabling large-boned animals to tide over temporary 
shortages of ]ihosphate in their rations. It is thus seen that 0.0114 
lb. PjOg daily for heifers is entirely inadequate, but that under 
similar conditions 0.0625 lb. PgO, is quite sufficient when the P2O5 
is given in a highly available form such as bone and bran, and the 
mi& yield is not high. It is to be noted that Theiler ^s experimental 
heifers gave only up to 5 litres of milk daily (about 9 pints), or at 
the outside little more than sufficient for the calf, but an amount 
which entails a small drain of P2O5 on the mother. Thus according 
to Wilson a cow requires: — 

For maintenance 0.018 lb. PgOg 

For calf (unborn) 0.009 lb. PgO, 

For each gallon oT milk 0.018 lb. PgOg 


0.045 lb. PjOg 

A two-gallon cow would therefore require .063 lb., but some of 
Theiler 's ^-gallon heifers only .036 lb. P2O5. On the other hand, the 
heavier and higher-yielding cows reported on by Woodman would 
require 0.099 lb. P2O5 or nearly one-tenth of a lb. P2O5 daily. These 
are the actual requirements of the animal, and it must always be 
remembered that only one-half of the phosphoric acid in the dry 
matter is digestible. The average cow cannot consume more than 
one hundred-weight of green grass daily. This contains 25 per cent, 
of dry matter, or 28 lb. Some of the Wairarapa pasture contained 
as little as 0.2 per cent, of phosphoric acid in the dry matter, which 
would allow the cow to consume only 0.056 lb. PgOg daily as an 
outside limit, and if only one-half of this is digestible, and the cow 
is giving two gaUons of milk a day, it is seen that it requires .063 
lb. and is only digesting 0.028 lb., so that the milk being unalterable 
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in composition, the cow must supply the deficiency from her own 
bones. 

Dr. H. E. Woodman, Cambridge, has recently been quoted as 
saying that a 12 cwt. cow" giving 4 gallons of milk daily, will eat 
30 lb. dry matter daily as grass and requires 3| ozs. — (.22 lb.) 
P,0, in the daily ration, which will come very near to the above 
figure (.099 lb. P,0,) doubled to allow for the half of the phosphate 
in the feed being indigestible. 

In making these calculations as to the requirements of the 
averap dairy cow, it is assumed that she weighs something over 10 
cwt., in order to be able to ingest that amount of grass which would 
correspond to 28 lb. of dry matter. A 12 cwt. cow wiU, of course, be 
able to consume more grass, i.e., equivalent to say 30 lb. dry matter, 
and, on the other hand, a cow weighing less than 10 cwt. will not 
be capable of dealing with 1 cwt. of grass, and so will be limited 
in its dry -matter consumption to less than 28 lb. daily. 


SUMMABY. 

The outstanding deficiency of the poorer Wairarapa lands would 
appear from the results of samples drawn last summer to be that 
of phosphoric acid. It was found that the amount of phosphoric 
acid in the cow pastures might sink to a figure lower than any met 
with in New Zealand. 

The remedy for this state of things is that the topdressing of 
pastures with superphosphate should be made a matter of urgency 
by all farmers who value the health of their stock, as deficiency of 
any element in the food supply, especially one so important to milch 
cows as'PjOs, is likely to lead to starvation, lowered vitality, and the 
predisposition to all diseases to which starvation makes them vulner- 
able. 



Mechanical Analyses. 

Results are percentages on air-dried soil. 
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*These have too much humus for a classification to be of any use. 

The ignited soil is mainly clay. Analysed by E. B. Davies. 
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Soil analyses by F. J. A. Brogan and D. F. Waters. 



Wairarapa Pastures Collected jn February, 1928. 

The results are expressed as percentages on the material dried to constant weight at 105* C. in electric oven. 
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Analysed by B. C. Aston assisted by cadets Sykes and Thompson, 
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Magnetic Inyestigations in New Zealand. 

Abstract. 

An important article from the pen of the late Dr. Charles Chree, 
F.R.S., on the “ Value of Magnetic Investigations in New Zealand 
and Samoa” appears in Vol. 10, No. 2, of the N.Z. Journal of Science 
and Technology. This article discusses the present position of our 
knowledge of Terrestrial Magnetism and indicates the great import- 
ance of Observations at the places mentioned in throwing light on 
the questions involved. 

-C. C. F. 
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A Tentative Theory of Frictional Electricity. 

By Professor #1 W. Burbedge, B.A. (Res.), (Cantab.), M.Sc. (N.Z.) 

[Read Ifffore the Auckland Institute^ Slet July, 1928; received by Editor, 
11th October, 1928; issued separately, 

^ 25th March, 1929.2 

As far as is ascertained with any certainty, the following are at 
present the proved experimental facts relating to the phenomenon 
traditionally known as frictional electricity : — 

(1) Substances rubbed together (when insulated) give opposite 
charges, in equal amount. One at least of the substances 
must be an insulator. The substances may be solid and 
solid, solid and liquid, solid and gas. 

(2) Substances may be arranged in a series such that the signs 
of the charges acquired may be determined by the order in 
the series. (There is much variation in the orders of such 
series but each worker, using materials differently prepared, 
seems to obtain a fairly consistent order.) 

(3) The amount of charge generated seems practically indepen- 
dent of the normal pressure and independent of the relative 
speed of the surfaces. 

(4) The amount of charge generated rises to a maximum after 
a certain amount of rubbing (when the surfaces rubbed 
remain the whole of the surfaces originally put in contact). 
A small fraction of the charge is given on direct contact 
but the great majority of the charge only results after some 
rubbing and then remains constant in amount, independent 
of further rubbing. 

(5) The amount of charge produced depends on the insulation 
strength across the dielectric space between the rubbing 
substances. It is thus approximately the same for dry 
gases ; the charges recombine if the intervening gap is made 
conducting; the charge is distinctly less in pure paraffin 
oil (which^has a lower dielectric strength at these distances). 

(6) The charge produced is independent of the, capacity of the 
specimens (provided the areas rubbed remain the same) ; 
all of each charge produced remains on its respective sur- 
face until the specimens are separated. 

(7) Charges can be generated by pressure, impact or rubbing; 
the maximum density obtained in air seems to be about 
20 E.S.U./cm.* (Cf. (5)). 

(8) The charges do not appear to be maintained by any 
intrinsic potential difference; if surfaces after rubbing are 
left together” the charges remain unaltered but are dis- 
sipated if the gap is rendered conducting, e.g., by ionisation. 

(9) With optically flat surfaces (flat to half wave-length of 
sodium light) the amount of rubbing necessary for the 
maximum charge seems diminished. 
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(10) Rods apparently similar, e.g, of clean glass, can be made 
to yield opposite charges by rubbing one, at one fixed point, 
along a line on the other or by warming one ; the sign may 
thus be changed at wilL 

(11) Different crystal-faces give different charges (but this effect 
not large enough to affect the position of the chemical com- 
pound in a series); similar faces gave no charge; the 
relative position of metals in the series agreed with their 
relative ‘‘electron affinities’’ as determined by ionisation 
potentials, thermionic effects, photo-electric effects, electrode 
potentials. 

Reviewing the above facts, which represent the general pheno- 
mena known, it is apparent that (5) and (6) are independent of 
the mechanism of production of the charge and relate to the observa- 
tion of the quantity of charge; again that (3) and (4) eliminate 
the action of “friction” in the normal sense of the term. It is 
also obvious that the effect is a surface one and hence is very 

dependent on the cleanliness and general nature of the surfaces 

involved. Further, it is evident that much more quantitative work 
must be done before any theory can be fully elaborated or sub- 
stantiated. It seems opportune, however, to consider briefly the 

possibility of stating a theory if only to serve as a stimulus to 

further quantitative work in this field and the present communication 
is an attempt in this direction.* 

We proceed then lo i)ostulate assumptions: — 

1. At the immediate surface of a dielectric there exists a surface- 
field varying in magnitude and direction with the particular 
dielectric. (This assumption may extend to liquids.) 

2. At the immediate surface of a metal there exists a similar 
surface-field. 

3. Charging is effected by the transfer of electrons from one 
surface to the other. 

4. Ordinarily, surfaces have adsorbed layers of gas on them 
masking these fields. 

Examining these assumptions, 4 is more a fact of experience 
than an assumption; and 3 is extremely probable in view of the 
greater mobility of electrons because of their smaller mass. 2 seems 
fairly probable on the lattice theory of the structure of metals, viz., 
a positive atom-lattice with an interpenetrating electron-lattice. If 
we consider the boundary surface of such an arrangement, it seems 
probable that the surface electron-layer will not remain at the mean 
lattice-distance but will be drawn towards the inside (with conse- 
quent distortion of the surface). The exact surface configuration will 
depend on the relative positions of the positive ion and the electron- 

*I feel that some apoloi?y is necessary for the form of this present 
communication but, after delaying publication for some time, I have 
decided that it would probably be best to publish in the general form of 
this paper rather than to wait until a more finished publication with refer- 
ences can be evolved. This will, I hope, be possible later on when more 
time can be obtained from routine work. The majority of the necessary 
references will be found in a paper by W. A. Macky, Proc, Roy, A, 119. 
page 107, 1928. 
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lattices but it seems fairly probable that there will be some external 
field. 

Assumption 1 also seems fairly probable for ‘ * solid dielectrics. 
Apparent solids fall into two classes — crystals (the only real solids) 
and quasi-solids, such as glass which in reality are liquids of great 
viscosity. In crystals we have the lattice structure which at the 
surface will undoubtedly give surface-fields within a distance of a 
few molecular diameters. In the viscous liquids, the assumption is 
more doubtful but it can be pointed out that the Debye theory of 
dielectrics, • which has met with great success in the case of gases 
and dilute solutions, assumes permanent dipoles in the dielectric 
(these being oriented by an applied external field) thus giving polari- 
sation in the dielectric. As Debye points out, some such dipoles are 
really to be expected as the normal state of matter since their absence 
would imply absolute symmetry in the particles and in the fields on 
the particles. Adsorption of all gases at the surface of glass seems 
to point to some surface-field as postulated. 

In general, there is some considerable evidence for surface- 
fields of the type postulated. The work necessary to remove electrons 
from a metal surface necessitates such a field; contact potentials 
and the Peltier effect indicate variations of this field from metal 
to metal. The surface-energy of a crystal-face (varying with the 
face) must be related to the surface-fields. The alteration in the 
contact of mercury and glass (from convex to concave meniscus in 
mercury) when all adsorbed gases are removed, shows the importance 
of adsorption in this case and as mentioned above, the adsorption 
I)henomena generally would support such a postulate. It is found 
that surface-films, one molecule thick, on liquids have definite 
orientations of the molecules. And, finally, on Laplace’s theory of 
surface-tension there exists a force normal to the surface ; if Huk, m 
seems probable, is electrostatic, then it will orient any natural dipoles 
ill a solid-liquid, so that they are end-on at the surface (such a pic- 
ture being the ‘*mean” picture, exclusive of thermal agitation). 

On the basis of these assumptions, we can picture the phenomena 
occurring when a flat solid dielectric is brought against a flat metal 
surface. There are the films of adsorbed gas separating the two; 
pressure will displace some of these molecules but only those at the 
'‘contact spots.” There are thus few places of contact, but if the 
surfaces are rubbed together, the area of contact is greatly increased, 
the adsorbed “gas” film being displaced sideways. When the sur- 
faces are within molecular distance (of the order of 10'^ cm.) the 
surface-fields become operative (beyond this the field falls off, 
l>ecoming zero at greater distances since the bodies are as a whole 
neutral). The exact phenomena of operation of the fields will vary 
with the particular cas(*s; two fields in the same direction will' co- 
operate; but if opposed, the stronger will determine the direction 
of electron transfer. If the electron goes to the metal, this acquires 
a negative surface charge and leaves the dielectric positive (on the 
surface) ; the electrons will spread over the metal-surface; the sur- 
face of the dielectric will be strained (e.g., if a crystal, the lattice 


♦Marx, Handhuch der Radiologie, Band 6. 
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must be disturbed). The converse occurs if the electron transfers 
in the opposite sense. In either case the effect is a surface one — ^the 
quantity entering into consideration is the surface density and there 
will be a maximum density determined by (1) the dielectric strength 
when this is a limiting factor (experiments done by Mr. Macky in 
the Physics Laboratory here have indicated the importance of this 
limitation in almost all, if not all, quantitative work hitherto done 
on the subject), (2) the surface-density of charge necessarj' to 
neutralise the surface-field; at least on those parts operative (in the 
lade of absolute flatness). We might anticipate in this case an 
increasing density of charge with flatness of the surface, until with 
absolutely flat surfaces and no dielectric film in between, we should 
approach a surface-density of the order of that existing, by postula- 
tion, owing to natural polarization of the surface. 

Obviously since the effect is a surface one, the rest of the 
specimens do not matter, i.e., the density obtainable is independent 
of the capacity of the metallic specimen. Obviously also the pressure 
necessary is only that for contact at the contact spots (where the 
actual pressure, i.c., thrust per unit area, is probably high) ; the 
relative unimportance of pressure is thus easily understood. Again 
the electron transfer when it does occur probably occurs very quickly 
and we can see the reason for the absence of any velocity effect in the 
rubbing. 

The so-called frictional series will represent the relative actions 
of the surface-fields, e.g., if we state a unit P and designate a field 
as positive when in the direction of the outward normal, then a 
substance -{- F will become negative with respect to one with — F ; 
3P will be negative to 2P, and so on, if we assume equal binding of 
the electrons in each case. Actually, the resultant effect will be due 
to the difference of the algebraic sums of the external force and 
the binding force in each surface, e.g., if an electron is held with 
f' and is acted on by P, then (F — f' is the ejecting force. Thus 
the electron transfer is determined by (F — f') — (P' — f), i.e., 
(P — F') — (f' — f). It should be of interest to work with 
crystal structures and build up a predicted series. 

Let us consider the external surface-fields and their action. In 


the case of the metal and of a true solid (a crystal), we have the 
fields due to lattice-structures. These can be evaluated fairly simply, 
once the surface-deformation is assumed, i.e., the resultant movement 
due to the surface-discontinuity. Without taking this into account, 
it is easy to calculate that the surface-field is due mainly to the 
outermost layer. For example, let us suppose a structure on the 
cubical system with every particle carrying the same charge e at an 
equal distance d from its neighbours, and such that planes parallel 
to the surface are at the same distance d, and alternatively positive 
and negative. If we suppose the surface-plane positive and consider 
a point P distant d from this plane, then the total force at P comes 
out as about 3.5 ?/i,\ whereas that due to the top plane only is 
4 II ® is the electronic charge and d — 5 X 10”*, P — 


5 X Iff"*® X 4 
25 X 10-“ 


C.10* E.S.U., fm enormous field — 800 X 10* 


volts/cm. 
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Obviously this field falls off rapidly with the distance, thus the 
top plane gives a force + ^ Vd^> the next one — .86 Va®, the next 
+ .3 Vd®, etc., the total being about + 3.5 

If we take the point P at 2d from the plane, then we have 
+ .86 Vd* — -3 VdS etc. . ^ .... 

and P — .5 Vd® « 10® E.S.TJ. 

The force is thus reduced by a factor 7 on doubling the distance. 
(These forces will be reduced by the distortion of the lattice at the 
free surface but will remain probably of this magnitude.) 

A similar result follows if we consider a polarised surface, as 
may exist on glass, with dipoles of moment ilf. For a similar 
structure to that above, i.e., planes of dipoles parallel to the surface 
with distance d between the planes and a square arrangement of 
dipoles in any one plane, d being the side of the square, then assum- 
ing a negligible magnitude for the separation in each dipole, the 
field at the point P, distant d from the surface, is of the order *^/d*> 
actually about 10 In this case the decrease with distance will 

be still more rapid. 

Now on Debye’s theory, M for liquids investigated, e.g., water, 
alcohol, etc., is of the order 10”^®. If glass has a similar motaent, 
then 

F — (putting d ^ 10■^fo^ mol.) =« 10* E.S.U. 


(This will be greater if M is larger.) 

Now the action of these fields is to cause electron transfer. 
Recently electrons have been drawn from cold metals in the highest 
vacuum by the use of very lai^e fields of the order 10® volts/cm. 
«= 3 X 10® E.S.U./cm. ; the current was found to be a function of 
the field and independent of ordinary variation of temperature. On 
our conception, the field due to a suitable dielectric would act 
similarly and we see that ample strength of field seems to be avail- 
able. 

Again, when the electron transfer is from the dielectric, this 
corresponds to the break-down of the dielectric molecules. Assuming 
a similar order of phenomenon in these surfaces to that observed in 
a mass of the dielectric (and it seems probable that the break-down 
in a mass starts near the electrodes, where there is the greatest 
potential drop, as Joffe has found*), this transfer field should be 
of the same order as the break-down field that determines the 
dielectric strength of the material. These for good dielectrics are 
of the order of 10® to 10® volts/cm., i.e., 300 to 3,000 E.S.U., again 
a field easily realised on the above reasoning. 

The effect of rise of temperature would probably be to weaken 
the surface-fields, both by the agitation and by the decrease in density 
of the packing. The experimental data are, however, very meagi'e 
as yet but some results of Shaw’s show temperature effects between 
apparently similar rods. 

In general, I think it may be said, that the theory outlined above 
gives a working hypothesis and seems to be at least as well-founded 
as any of the vaguer contact or friction ideas. 

Physics Department, 

Auckland University College, N.Z. 


Annalen der Physik, 72, 461, 1928. 
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Food Values of New Zealand Fish. 

Part 10.— Seasonal Variations in Stewart Island Oysters* 

By John Malcolm, M.D. 

[Read before the Otago Institute ISth June, 1928; received hy Editor, 
12th October, 1928; issued sepamtely, 

2m March, 1929.] 

In previous communications (1) it has been shown that the percentage 
of glycogen in these oysters falls at the time of spawning, and that 
the vitamin-A content is high but variable — ^thus the samples exam- 
ined in June, 1926, were less rich in that respect than the October 
sample of the same year. 

In the present research an attempt was made to follow the varia- 
tions in chemical composition and in vitamin-A throughout the oyster 
season of 1927 — ^March to October inclusive — and to find out whether 
there was any relationship between the data obtained such as has 
been found to exist between the fat percentage and the vitamin-A 
content of ordinary fishes. In contrast to the fishes, oysters and 
other molluscs store glycogen instead of fat, and what is usually 
termed a “ fat oyster is one rich in glycogen (Mitchell, (2) ). 

The project enlisted the interest and support of the Fisheries 
Department, and the writer has to thank Mr. A. B. Hefford, Chief 
Inspector of Fisheries, for facilitating the collection of samples, and 
for other help. The samples were taken monthly by Messrs. Dixon 
Bros. (Bluff) from a known area. A half-sack of the oysters w'as 
forwarded as expeditiously as possible to Dunedin, and was received 
usually within twenty-four hours of being dredged. For the first few 
months they were examined, sorted out, and measured by Mr. Maxwell 
Young, Marine Biologist to the Fisheries Department. Later samples 
were similarly treated by Mr. H. C. Manson, Chief Laboratory 
Assistant to the Physiology Department, acting under Mr. Maxwell 
Young ^s directions. The contents of the alimentary canal from June 
to October were examined by Dr. Harold J. Finlay; in practically all 
cases the canal was dmpty. Observations on seasonal variation in 
the composition of oysters in England and in America have been 
published in various reports and journals (3). No similar work on 
seasonal variation of the vitamins in oysters has come under my 
notice, but the subject is referred to in a comprehensive paper on 
the vitamins (A, B, D) in American oysters by Jones, Murj^hy, and 
Nelson (4) which appeared in February of this year. 

Chemical Composition. 

Methods: From each monthly half -sackful, 250 oysters of 
approximately uniform size (2J inches across), and average condition, 
were selected after being opened, were strained lightly in cheese 
cloth, weighed, minced, and the material so obtained was well mixed 
and samples were taken for water percentage and ash, glycogen, nitro- 
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gen, and fat. For the vitamin work six samples of 100 grm. each 
were put into cardboard containers and kept in cold storage till 
required. 

The water percentage was obtained by drying in a hot air oven 
at about 100°G till approximately constant weight was attained. The 
same material was thim incinerated to obtain the ash. At the end of 
the first stage of combustion a hot-water extract was made, filtered, 
evaporated, re-incinerated and weighed to give “ soluble ash ’’ 
separately from “ total ash.” Nitrogen was estimated by the 
Kjeldahl-Gunning method and the writer has to thank Mr. B. S. 
Irwin, B.Med. Sc., for carrying out these determinations. Glycogen 
was estimated in two samples of 25 grm. each by Pflueger’s method, 
and fat by drying similar quantities, mixed with clean sand, grinding 
in a mo^r and extracting with ether by the usual Soxhlet method — 
care being taken to use thoroughly dried ether to redissolve the 
extract before finally weighing. 

The results of these estimations are given in Tables 1 and 2. 


Table 1. — Composition of Oysters. 



Mftfoh 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Average weight 


9.0g. 

8.0g. 

i 8.6g. 

9.65g. 

10.0g. 

10.01 g 

12.1g. 

11.45g 

Water per cent.... 

74.00 

74.40 

75.73 

77.08 

76.60 

76.13 

76.04 

76.11 

Solids 

»♦ •••! 

26.00 

25.60 

24.27 

22.92 

23.50 

23.87 

1 23.96 

23.89 

Nitrogen 

»» ••• 

1.87 

2.22 

2.04 

2.06 

2.02 

2.04 

1.91 

2.06 

“ Protein "% (N. 

X 6.26)... 

11.68 

13.87 

12.78 

12.91 

12.62 

12.75 

11.93 

12.87 

Glycogen 
“Pat'* % (Bther 1 

per cent. 

6.71 

6.89 

5.07 

4.69 

4.92 

4.69 

5.22 

4.36 

Sxt.) 

2.66 

2.40 

2.16 

2.21 

2.28 

2.10 

2.16 

1.91 

Total Aih 

per cent. 

»» 

1.48 

(1.65) 

1.94 

2.03 

2.50 

2.03 

2.03 

2.03 

Soluble Ash 

0.60 


0.86 

1.06 

1.67 

1.14 

1.20 

1.14 

Insoluble Ash 

»» 

0.88 


1.09 

0.97 

0.83 

0.89 

0.83 

0.89 

Unaccounted for 

tt 

3.47 

(1^: 

2,33 

1.08 

1.18 

2.30 

2.62 

2.72 

Solids per oyster 

SI 

2.34g. 

2.06g. 

2.08g. 

2.21g. 

2.35g. 

2.40g. 

2.88g.| 

2.73g 

Table 2. — ! 

Percent. 

vGE Distribution 

OF THE Organic 

SOUDS. 


1 

March 1 

1 

April 

May 

i , 

June ' 

i July 

Ang. 

Sept. 

Oct. 

“ Protein ” ... 


47.63 

67.87 

67.23 

61.80 

60.09 

1 68.38 

54.40 

58.87 

Glycogen 

“Pat" 


, 27.36 

26.67 

22.69 

22.45 

23.41 

1 21.47 

23.80 

19.94 


1 10.85 

10.01 

9.62 

10.68 

10.85 

9.61 

9.85 

8.74 

Residue 



1 14.15 

1 

4.42 

10.43 

6.17 

5.62 

10.63 

11.96 

12.44 


It will be noticed that there is at first a decrease in the average 
weight and in the solids per oyster. From May onwards these figures 
increase up to September. This may mean that those oysters continue 
to feed and grow during the winter montha On the other hand, the 
result may bo due to the trawlers working along the oyster bed as 
will be mentioned later. That the September oysters were heavier 
than the October ones leads one to suspect that they were dredged 
from different ground. 

The glycogen shows a more or less progressive fall but not to 
the same marked extent at the end of the season as was found in 
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previous work. Possibly the loss of spawn in the previous cases 
might account for the difference, for the 1927 oysters were late in 
spawning. The fat and protein (N x 6.25) show no signifi- 
cant variations — ^the fat in the September oysters (2.16% gross or 
9.85% of the organic solids) is an average figure whereas the vitamin- 
A content of these oysters was higher than tlmt of any of the others. 
Prom the point of view of chemical composition, the food-value of 
these oysters is much the same throughout the season, and the data 
supplied here do not indicate the advisability of any change in the 
limits of the season as at present defined, 

Vitamin-A. 

. Methods: Litters of young rats reared in the laboratory were 
put on the basal diet when about three weeks old, and were weaned 
at the 28th day. They were then continued on the diet which con- 
tained purified casein, starch, ** crisco,^’ and salts as described in 
previous papers of this series. Vitamin-B was supplied in the form 
of Marmite and vitamin-D as oxidized cod-liver oil (2%). When 
the weights began to fall and eye symptoms began to appear, the 
oyster material was given. The form in which this was us^ requires 
special mention. When minced as already described the mush ” 
contained small lumps of adductor muscle, gills, etc., and it was 
obvious that some method of more uniform comminution was neces- 
sary. In the work done on oyster in 1926 (Paper 8) and on toheroa 
in 1927 (Paper 9 of this series (5) ) the minced shellfish was 
incorporated with the constituents of the basal diet so as to form a 
stiff paste or leaven which, when partially dried, could be ground 
to a fine uniform meal. When so treated there was still clear 
evidence of the presence of vitamin-A, and in the earlier experiments 
reported here the same method was adopted. The oyster leaven was 
brought to such a degree of dryness that it corresponded weight for 
weight with the fresh oyster used, so that 1 grm. meal corresponded 
to 1 grm. fresh oyster. But while this method gave uniform sampling 
it allowed some destruction of vitamin to occur, probably to an 
uncertain and variable extent. The best results were obtained in the 
last series of experiments where the leaven prepared as described 
above was thoroughly pounded in a mortar, and weighed out in 
quantities sufficient for ten days. These rations were then packed 
closely in large clean test-tubes and sterilized in the boiling-water 
bath. Although opened daily to secure the daily feed, they kept 
clear of moulds for the whole ten-day period. In every case the oyster 
material was given for ten successive days, and the cage was not 
cleaned out for at least ten days thereafter, so that any vitamin-A 
in the faeces could be used over again by the rats. During this after- 
period they received the usual basal diet till death occurred. 

In the earlier experiments as many as three or four rats were 
included in a group and fed together in the same cage. While this 
has the advantage of giving the average effect on several rats and of 
saving time and labour, there is always the possibility that the 
vitamin ration may not be equally divided. In the later experiments 
with the oyster leaven each rat was taken out of its cage and fed 
separately. 
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For ease of comparison the data are presented in tabular form 
rather than as charts. (Tables 3, 4, 5). In these tables some of the 
columns require a word of explanation. The designation of each rat 
is made according to the following method : The first letter indicates 
the year in which the litter was used, B «« 1927 in this case; the 
second letter indicates a certain litter bom and used that year; the 
Roman numerals I, II, etc. indicate the groups into which that litter 
was subdivided. “WTien necessary the individual rat in a group received 



Pig. 1. — To illustrate the method of determining the relative values of 
effects on growth; XYZ = the ** area of growth.'* 


a number, 1, 2, etc. The second column gives the rise in weight, i.e. 
the difference between the weight when the special dieting began and 
the maximum attained during the feeding or soon after it ceased. 
For greater accuracy the actual weights are given in brackets. The 
'' area of growth ’’ in the third column was obtained by measurement 
of the growth-curves as follows; As stated already, after the ten 
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days of oyster feeding the rats were kept on basal diet till they died* 
Before death the weights fell usually to a lower point than that at 
which the feeding began. A horizontal line was drawn across the 
curve at this level and the included area was measured carefully in 
sq. cm. by a planimeter such as surveyors use for evaluation of areas 
on maps.* Figure 1 gives an example of this procedure. Rats Bu IV 
were given a meal containing oyster-spawn for ten days beginning 
at the point x; the maximum weight was at y, and at z the growth 
curve is back at the same level as x. The “ area of growth is the 
roughly triangular area xyz and in these cases measured 11.6 and 
13.2 sq. cm. on the original chart. The advantage of this figure is 
that it indicates to some extent the amount of storage of vitamin-A 
that the rat was able to accomplish. 

It is not claimed that this method can give a true mathematical 
measure of the amount of vitamin present in foodstuffs, but it gives 
a figure that can be used for comparative purposes. 

The next column Prolongation of life gives in days the 
duration of life after the oyster feeding began. In the control groups 
(total *=» 30 rats) this figure averaged 20 days, and it will be noticed 
that the oyster feeding caused a distinct prolongation of life beyond 
this period whether growth had occurred or not. This figure may 
be regarded as an indication of a maintenance factor just as the 
growth area’’ shows ** growth + maintenance” factors. 

The columns that refer to eye-symptoms need no further expla- 
nation, but note may be made of the fact that almost every case 
showed eye-trouble. That has been our experience in this laboratory 
during the past three years. 

Comments on the Tables: Table 3 gives the results of individual 
feeding on undried oyster ; this series was carried out late in the year, 
when all the samples had been received, and this made possible a 
certain amount of overlapping, i.e., the groups of one litter were* 
given oyster material collected in different months. For these reasons 
the results are probably more reliable for comparative purposes than 
the others, and this method would have been adopted to a greater 
extent if the samples had all been available simultaneously, and if 
the best level of doscage had been known, for a great many experi- 
ments were done on the March, April, and May oysters at various 
levels ranging from 0.5 grm. to 3.0 gms. in order to determine the 
best level, viz., a dose that lay between the minimal and the just 
maximal. In the litter Bs three pairs (buck and doe) were fed 
March, May, and July oyster respectively. The area of growth and 
the prolongation of life indicate progressive falling off in vitamin-A 
content as the season advanced. 

In litter Bt two pairs similarly received June and August oysters, 
and again there is evidence of less vitamin-A in August as compared 
to the earlier month, but it will be noticed Bt I showed a better result 
with June oyster than Bs III did on May oyster. This is probably 
due to a ^fference in the quality of the litter and not to a greater 
content of vitamin-A in the June as compared to the May oyster. 

am indebted to my colleague Professor James Park, Director of 
the Otago School of Mines, for kindly giving me the loan of a planimeter, 
and for instruction in its use. 
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The only other striking feature is the marked improvement in 
the September and October oysters as compared to the July and 
August ones. At the 1 grm. level these are nearly as rich as any 
of the others at the 2 grm. level — this is shown by the area of 
growth/^ by the prolongation of life, and the effect on the eye- 
symptoms, and similar results can be seen in Tables 4 and 5 when 
dried material was used. 

In Tables 4 and 5 the only groups that overlap ’’’ are Bu II 
on July oysters and Bu I on August oysters, where again the former 
proved the better sample, and Bt III on unsj)awned October oyster 
and Bt IV spawned oj^stor where weight for weight there was sur- 
prisingly little difference. There is clearly a tendency to low results 
in June, July, and August with a fairly high figure for March and 
May and a very high figure for September. 

Tinned Oysters : A sample of tinned Stewart Island oysters was 
also examined. In making the leaven, care was taken to make the 
oyster solids coiTespond to the average of the fresh oyster. As in 
the case of the tinned toheroa the vitamin content was very high; 
thus the two rats Bu III (Table 3) fed on this material showed a 
much better result than their litter-mates, Bu II, fed on the same 
amount of May oysters. The canning of these oysters was said to 
have been carried out late in the season of 1926 but the exact date 
oould not be ascertained. 

Discitssion: While these experiments show that when fed at the 
2 grm. level these Stewart Island oysters nearly always show a high 
content of vitamin-A, the writer feels that the results of comparison 
of the oysters from month to month leaves much to be desired. If 
the comparison is again undertaken he would suggest that more of 
the ‘ ‘ overlapping ^ ^ method should be followed and that the method 
of comminution adopted by Jones, Murphy, and Nelson (4) should 
be followed — (grinding while frozen) as probably better than either 
the ** leaven or the '' meal.’^ As stated at the beginning of this 
paper it was hoped that some relationship between the gross chemical 
composition and the vitamin-A content might be found, but appar- 
ently such is not the case. The September oysters, though rich in 
vitamin, show no special peculiarity in composition, except for the 
fact that they were the heaviest of all. There are two likely sources 
of variation in the content of vitamin-A that occur to one — ^firstly, 
the oysters ^ food — ^secondly, the presence of the spawn : in regard to 
the first, September is the Spring in this, the Southern, Hemisphere, 
and with an increase in the intensity of sunlight there is likely to be 
a more or less rapid increase in the plankton on which the oysters 
feed, but in the same connection one has to remember that the suc- 
cessive samples could not be dredged always from exactly the same 
ground. The trawlers usually work the ground from east to west 
and there is said to be a considerable difference in the nature of the 
bottom and therefore probably of the food between the two extremes 
of the shoal. 

Secondly, as to the growth of the spawn — this occurs steadily all 
through the winter up to the time of spawning (end of October). At 
this time there is a drop in the percentage of glycogen, but the 
vitamin content of oysters ripe for spawning and washed free of the 
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«pawn is still a high figure (Table 4, Bt IV, last on table). The 
spawn also contains vitamin- A as shown by the following observation: 
the washings of the later October oysters was filtered and the spawn 
made into a meal and partially dried. Although the temperature 
during drying was kept low, the material browned considerably 
(presence of lecithin, iron salts, etc.). Two rats of litter Bu showed 
increase of weight — 16 grm, (101-117) and 14 grm. (69-83), growth 
areas of 11.6 and 13.2 sq. cm. (Fig. 1) and i)rolongation of life 
37 and 30 days. Their eye-symptoms were far advanced in one 
case and moderate in the other when treatment, began, but in the ten 
day period they improved greatly and if the feeding had been con- 
tinued would probably have been cured. There is therefore clear 
evidence that both the spawn and parent oyster after losing the 
spawn contain considerable amounts of vitamin- A. This agrees with 
the results of the experiments on spawning and non-spawning oysters 
reported in part 8 of this series, where, weight for weight, the latter 
had more vitamin-A than the former. 

With the growth of the spawn in the latter part of the season it 
is therefore natural to expect an increase in the vitamin-A content, 
but that the food of the oyster is in the end the more important 
factor is shown by the relative superiority of the March oysters, and 
the sudden rise in this value in the September oyster is more likely 
to be due to the food than to a sudden increase in the power of the 
spawn to store the vitamin. 


Summary. 

Analyses of these oysters monthly from March to late in October 
.show a high glycogen content early in the season and a more or less 
gradual fall up to October. Fat, protein, and ash showed compara- 
tively little variation. The average weight of the oyster (soft parts) 
in oysters of approximately the same shell size increased during the 
season. The vitamin-A content was lower in the winter months of 
June, July and August than in March to May and showed a marked 
increase in September. No clear relationship was found between 
chemical composition and vitamin-A value. Both the spawn and the 
spawned oyster contain considerable amounts of vitamin-A as do also 
tinned oysters. A new method for expressing the value of the growth 
curves is described. 

The writer begs to acknowledge with thanks the financial aid 
of a grant received through the New Zealand Institute. Thanks arv 
also clue to Mias Earland for her services in attending to the rats. 
This i^aper concludes the series in the meantime. 
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A Revision of the Genus Dracophyllum. 

By W. R. B. Oliveb, M.Sc., F.N.Z. Inst. 

Director, Dominion Museum, Wellington. 

[Read ’before the Wellington Philosophical Society, g7th June, 1918; 
received hy Editor^ 5th October, 1928; issued separately, 

25th March, mo.] 

Plates 78 - 102 . 

The genus Dracophyllum with its allies forms a well marked group 
characterized by acicular or grass-like leaves aggregated in tufts 
at the end of the branches, and more especially by the peculiar 
placentation of the ovules. The ovary is 5-celled with several ovules 
in each cell attached to a placenta suspended from a short stipes 
arising from the top of the axis The group is distributed over the 
whole of Australia, Tasmania, New Caledonia, Lord Howe Island, 
and New Zealand. Three genera are now recognized as forming this 
group. They may be thus distinguished. 

Richea . — Corolla with the lobes not separating, the upper calyp- 
triform portion falling off entire, leaving a persistent ring. 

Sphenotoma . — Corolla with spreading lobes, tube narrow, the 
throat almost closed by longitudinal folds at the base of the lobes. 

Dracophylhim. — Corolla with spreading lobes, and a cylindrical 
tube without folds. 

The three genera as thus defined form natural easily recognized 
groups, and moreover have different distributional areas. Richea 
consists of 8 Tasmanian species, one of which extends also to Victoria. 
Sphenotoma contains 6 species and is confined to Western Australia. 
Dracophyllum includes, according to the following account, 45 species 
and 9 hybrids distributed over Tasmania, Eastern Australia, New 
Caledonia, Lowe Howe Island, and New Zealand. It may be divided 
into three sub-genera one of whi^, Oreofhamwus, contains 25 species 
confined, except one species in Tasmania, to New Zealand; another, 
Eudracophyllum, eonsirts of 18 species distributed over the whole 
area of the genus, while the third, Cordophyllum, includes but a 
single species confined to New Caledonia. The most primitive forms 
constituting a section of the subgenus Oreothamnus have their head* 
quarters in New Zealand, while the most advanced group Eudraco- 
phyllum has the widest range. The explanation of this distribution 
must be_ sought in a former land-eonnection between New Zealand and 
Australia by way of New Caledonia. The genus would originate in 
the New Caledonian region, where there is at present most ^versity 
in the advwced species. The primitive forms became superseded 
in this region but developed extensively in New Zealand. The 
presence of D. minimum in Tasmania is to be regarded either as 
a survival of the primitive section of the genus on the western side 
of the Tasman Sea or as an accidental straggler ^m New Zealand. 
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It will be noticed that the above explanation is based upon the 
theory that an evolving group advances in evolution most at its point 
of origin, while the primitive forms get pushed towards the periphery. 
The distribution of Dracophyllum supports the theory of a former 
land-connection between New Zealand and New Caledonia and thus 
indirectly with Australia. 

The multiplication of species of the subgenus Oreothamnus in 
New Zealand points to long isolation of the area and an extension 
of the land-surface. This however does not conflict with the theory 
advanced above that the genus originated in the New Caledonia 
region. 

Acknowledgements. — ^In order to determine the relationships of 
all the known species of Dracophyllum it was necessary for me to 
examine as many specimens as possible. In Wellington the Dominion 
Museum, Petrie and Kirk herbaria are available. Further afield are 
other important collections containing species not represented in 
Wellington. I therefore applied for and was courteously loaned 
specimens by Dr. Damell-Smith, Director of the Sydney Botanic 
Gardens, Mr. C. T. White, Government Botanist, Brisbane, and Mr. 
J. W. Audas, Acting-Government Botanist, Melbourne. A similar 
courtesy was extended by Mr. Gilbert Archey, Curator of the Auck- 
land Museum, under whose charge is the Cheeseman herbarium. Mr. 
II. Carsc very kindly spent much time and trouble in selecting the 
s|:>coimens I required, besides sending me a series frpm his own 
herbarium. At a later date I personally examined the specimens of 
Dracophyllum in the Cheeseman Herbarium. To Dr. A. W. Hill, 
Director of the Royal Botanic Gardens, Kew, I am indebted for a 
jTbrtion of the type specimen of Dracophyllum scoporium. To all 
the above-mentioned gentlemen I desire to record my sincere thanks. 
I have also to thank Drs. L. Cockayne and H. H. Allan, and Messrs. 
R. M. Laing and F. G. Gibbs for the loan of specimens; Mr. L. 
Rodway, Government Botanist, Hobart, for sending a specimen of 
D. minimum ; and Professor Arnold Wall for kindly examining and 
reporting on the type specimen of D. roamarinifolium in the British 
Museum. The photographs (except Fig, 22) have been prepared 
by Mr. B. Osborne of the Museum staff. 

Dracophylluia. « 

The first species of Dracophyllum to be described was D. longi- 
folium, for which with two. other species of New Zealand plants 
Forster {Char. Gen. 1776) founded the genus Epacris. Epacris in 
this sense has been abandoned, and the name is now used for an 
Australian genus containing none^ of the species enumerated by 
Forster. A second species of Dracophyllum {D. rosmarinifolium) 
was referred to Forster ^s genus Epacris in 1786 (Forster FI. Ins. 
Awtr. Prodr.). ^ Labillardiere in 1800' (Voy. Nov. HoU., p. 211) 
founded the geixm Dracophyllum for D. verUdUatum of New Cale- 
donia. This is one of the advanced forms related to the larger New 
Zealand species. The first enumeration of the New Zealand species 
of the genus was Ridiard’s account (Voy. Astrolabe Bot. 1832) in 
which 4 species are mentiemed. This and later accounts of the New 
Zealand spedes are tabtdated below>— 

TT 
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Richard, Yoy* Astrolabe Bot. 1832 4 species, 

Cunningham, Ann, Nat. Hist., vol. 2, 1838 5 

Decandolle, Prodr. Syst. Nat., vol. 7, 1838 5 

Hooker, Flora Antarctica 1844 12 

Raoul, Choix PI, N.Z. 1846 11 

Hooker, Flora Nov. Zel. 1853 14 

Hooker, Handb, N.Z. Flora 1864 11 

Cheeseman, Man. N.Z. Flora 1906 18 

Cheeseman, Man. N.Z, Flora 1925 20 


In the present account 32 species are admitted as belonging to 
the New Zealand region. 

Habitat. — The New Zealand species of Dracophyllum arc for 
the most part plants of the scrub above the forest-belt. On all the 
mountain ranges in New Zealand there is abo^^e the forest-belt a zone 
of scrub which in many cases has a spe(?ics of Dracophyllum as a 
dominant member. Thus D. rosmarinifolium is common in the South 
Island with D. pronum or D, politum as a prostrate scrub higher up 
the mountain side. In the North Island D. recurvwn is found from 
the forest-line to nearly the \ipper limit of vegetation. In swamps 
the tall shrubby si)ecies D. longifolhim and 7). filifolium are often 
found. In the forest are the arborescent species such as D. latifolium, 
D. Traversii, D, filifolium, D. longifolium and others. 

Habit. — The life forms of the species of Dracophyllum range 
from small dense cushion-plants a few cm. in diameter (I>. miiscoidcs) 
to forest trees 10-1 5m. tall. The habit is a useful character for 
recognizing the species but is not of any taxonomic value. 

Leaf. — The characters of the leaves are used in delimiting the 
species and also in defining the groups of species. I value the leaf- 
characters for the smaller groups of species higher than those of 
the inflorescence because they appear to be more constant. This 
shown by the fact that no considerable amount of variation in 
the leaf occurs in any species except D. longifolium, whereas the 
same species may have flowers arranged singly or in few-flowered 
racemes. 

In all the species the leaf consists of a distinct lamina and 
sheath. The lamina may be stiff and acicular with the adaxial sur- 
face hollowed, or it may be flat and grass-like. 

In the more primitive species the leaf is acicular; in the large 
specialized kinds it is large and flat. If the species be arranged in 
a series beginning with those with solitary flowei’S and ending with 
those with compound panicles, then the leaves roughly fall in a 
parallel series from acicular to broad flat lamina. 

No similar series is shown by the leaf-sheath. "^In the species 
with acicular leaves {D, pronum, for instance) it is the suddenly- 
expanded and membraneous base of the leaf. In those species having 
racemcis with deciduous bracts it is highly developed and auricled 
above {D. longifolium, D. filifolium). It may be least developed in 
the panicled species, D. fiordense for example showing no definite 
sheath and having a narrow base of attachment. 

Bracts , — The bracts (floral leaves of Bentham) are of some 
taxonomic importance as they exhibit degrees of specialization corres- 
ponding with that of the inflorescence on which I have based the 
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classification given below. In the j^onp of species possessing solitary 
flowers there is a gradual transition from foliage-leaves to sepals, 
the latter being not all of the same size. In the outer ones the 
lamina and sheath are abruptly marked off as in the leaves, the sepals 
end in a hard point which below gradually widens into the sheath 
{D. rosmarinifolium) . In the higher groups, namely, those possessing 
racemes or panicles, there are distinct bracts each accompanied by 
two bracteoles. The bracts are most specialized in the panicled 
species. In D. longifolium, which has racemes, there is to each flower 
a leaf-like bract with a short acicular point and two small broad 
membranous bracteoles. The sepals in this species are of unequal 
size. In D, Traversii which belongs to the group with panicled 
inflorescences there is a larger bract subtending each fascicle of 
flowers. Within this are two small bracteoles. Bach flower is also 
subtended by a bract and two bracteoles. The calx-segments arc of 
ecpial size. Thus differentiation of the bracts proceeds apace with 
complexity in the inflorescence. There is a conspicuous exception 
to this rule of evolution. I), involucratum has a long compound 
inflorescence, but each flower is borne on a separate pedicel clothed 
with bracts resembling the leaves of those more primitive species 
of the genus which ha\'e solitary flowers. Thus evolution in the 
genus has proceeded along different lines affecting different organs 
differentially, for in D. involucratum one may say that while the 
inflorescence and leaves have advanced far, the flower-bearing 
branches have remained in their primitive state. 

Inflorescence , — The inflorescence has been used as a basis for 
dividing the genus into subgenera. There is a distinct break between 
the raceme and panicle and another between either of these and the 
peculiar spike-like raceme of D, involucratum. With these changes 
correspond others, such as specialization in the bracts and differences 
in the relation between anthers and corolla-tubes. 

In the subgenus Orcothamnu,s, the infloi'cscence is either a solitary 
flower or a raceme. One passes gradually into the other by the 
flowers becoming clustered and the subtending bracts becoming dif- 
ferentiated according to their position, the lowest being most leaf- 
like. When the bracts fall early as they do in D, longifolium a more 
specialized racemose inflorescence results. In the subgenus Eudraco- 
pkjfllum the fascioles are to a lesser or greater degree comi^ound and 
the })racts arc deciduous. The panicle may terminate the large leaf- 
clusters or it may be below it. In the latter case, though described 
as latereal, it really terminates a short lateral branch. In the species 
D. involucratum, which alone forms the subgenus Cordophyllum, 
there is a terminal spike-like raceme with the flowers in whorls, 
each on a separate pedicel clothed with small bracts. 

Flowers , — The corolla is in most of the species narrow tubular 
with the anthers included. In certain species of the panicled forms, 
however, namely the groups containing D, Menzicsii, D, latifolium, 
and D. verticiUatum, the corolla-tube is short and wide and the 
mithers are exserted. In the group of D. Fitzgeraldi the corolla-tube 
is long and the anthers exserted. 

The sepals in the subgenus Oreotliamnus are bract-like and of 
different sizes. In the subgenus Eudracophyllum they are in those 
species with short corolla-tubes, short, rounded, and of equal size. 
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In the following synopsis the hybrids are attached to those 
species groups with the diagnoses of which their prevalent forms 
most agree, but it must be remembered that a series of hybrids 
between any two species may include forms grading into both parents. 

SYNOPSIS OF THE SPECIES. 

Subgenus Oreofhamnus. Flowers solitary or in simple racemes. 

A. Flowers mostly solitary, sometimes in few-flowered racemes, 

(a) Group of Z>. mirdmum. Flowers terminal. Leaves acicular. 
muscoides, — Leaves 2-3 mm., narrow. 
tmnimum, — Leaves 4-6 mm., broad. 
prostratum. — Leaves 5-6 mm., broad. 
pronum, — ^Leaves 6-12 mm., narrow. 
politum. — ^Leaves 10-12 mm., broad, stout. 

Pearsoni, — Leaves 30 mm., stout. Flowers mostly in few-flowered 
racemes. 


Hybrids. 

X erectum . — ^Leaves 7-9 mm., narrow. 

X saxicolum . — ^Leaves 13 mm., broad. 

(b) Group of D. rosmarinifoKum. Flowers axillary; leaves 
acicular. 

rosmarinifolmm . — Leaves 30 mm., broad. 

peninsulare . — Leaves 100-120 mm., narrow. 

palustre . — Leaves 30 mm., narrow. 

suhulatum . — Leaves 20 mm. Flowers mostly a few-flowered 
racemes. 

(c) Group of 7). Kirkii. Flowers axillary. Leaves broad, grass- 
like. 

Kirkii . — ^Leaves glabrous. 

pubescens . — ^Leaves pubescent. Flowers mostly in few-flowered 
racemes. 

B. Flowers in racemes. Bracts persistent. 

(1) Racemes lateral. 

(a) Group of P. scoparium. Leaves short, narrow, ciliolate. 

scoparium . — ^Leaves 30-60 mm., tomentose above. 

paludosum . — ^Leaves 30-40 mm., margins ciliate. 

arboreum . — ^Leaves 50-80 mm., juvenile leaves 100 mm. 

(b) Group of P. urviUeanim. Leaves long, narrow, acicular. 

TJrvillmnum . — ^Leaves 70 mm. Corolla short. Bracts with short 

sheaths. 

fiUfoUum . — ^Leaves 180-160 mm. Corolla short. Bracts with 
long sheaths. 

colUnum . — ^Leaves 80-100 mm. Corolla long, 6 mm. Sepals 
equal to corolla tube. 

Lessonianum . — Leaves 60-100 xnm. Corolla long^ € mm. Sepals 
longer than corolla tube* 
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Hybrids. 

X vulcanicum. — ^Leaves short, narrow, base auricled. 

X marginatum. — ^Leaves short, narrow, base not auricled in upper 
leaves. 

(c) Group of D. squarrosum. Leaves broad. 

squarrosum. — ^Leaves 50 X 3 mm., juvenile leaves 140 X 7 nun. 

patens. — ^Leaves 40 X 6 mm. Thick. 

viride. — ^Leaves 55 X 5 mm. Thin. Racemes lax. Juvenile 
leaves 160 X 8. 


Hybrid, 

X densiflorum. — ^Leaves 30 mm. 

(2) Racemes terminal. 

Group of D. recurvum. 
recurvum. — Leaves 20 mm., recurved. 

Hybrids. 

X varium. — Leaves 50 mm., broad. 

X arcuatum. — ^Leaves 30-40 mm., narrow. 

C. Flowers in racemes. Bracts deciduous. 

Group of D. UmgifoUum. Leaves broad. 
longifolivm. — ^Leaves long, stout. 

Ademsii. — ^Leaves short, thin. 

Hybrids, 

X acicularifolium. — Leaves 30-60 mm. Flowers solitary -or in 
racemes. 

X insulare. — Leaves 40-60 mm., tomentose above. 

Subgenus EudracophyUum. Flowers panicled. 

A. Panicles below the leaves, drooping. 

Group of D. Memiesii. 

Memiesii. — ^Leaves 100-150 mm. Width 15 mm. 

Townsoni. — ^Leaves 170 X H mm. to 260 X 14 mm. 
fiordense. — Leaves 670 X 48 mm. 

B. Panicles terminal. 

(1) Panicles with few flowers in the lateral branches. Anthers 
included in corolla tube (except Thiebautii). 

Group of D. secundum. 

strictum. — ^Leaves 80 X 7 mm. Sepals short. Corolla 4 mm. 
ramosum. — ^Leaves 125 X H mm. Sepals long. 
secundum. — Leaves 140 X 7 mm. Sepals long. Corolla 6 mm. 
Vie^iardU. — ^Leaves 70 X 0 mm. Sepals long. Corolla 6 mmu 
am(d)i3e. — ^Leaves 80 X 0 mm. Sepals short. Corolla 4 mm. 
gradle. — ^Leaves robacieulsr 50 X 1>5 mm. 

Th4ebautiL — ^Leaves narrow, 120 X 4 mm. Anthers exserted. 
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(2) Panicle compound. Anthers exserted. 

(a) Group of Z>. MiUigani. Corolla long, sepals acute. 

Sayeri, — Bracts short, tapering. Sepals short. 

dracaenoides, — Bracts not seen. Sepals short, 

MilUgcmi, — ^Bracts long, tips recurved. Sepals long. 

FUzgeraldi— Bracts short, broad suddenly narrowed to short 

point. Sepals nearly as long as corolla tubes. 

(b) Group of D. latifoUum. Corolla short, sepals obtuse. 

latifolium, — ^Bark rough. Leaves large. Panicles erect. Flowers 

reddish. 

Mathewsii. — ^Bark rough. Leaves small. Panicles decurved. 
Flowers purple. 

TriwersiL — Bark smooth, pedicels short. Branches of panicle at 
acute angles. 

recurvatum, — Bark smooth, pedicels short. Branches of panicle 
at right angles. 

(c) Group of D, verticillatum. Spike very long. Few flowers in 
lateral fascicles. 

verticillatum. — Spike 70 cm. Leaf 45 cm. 

Subgenus Cordophyllum. Flowers in dense fascicles each on a 
separate pedicel clothed with numerous bracts. 

involucratum. — Spike 40 cm. Leaf 30 cm. 

OreotJiamnus F. v. Muell. 

Oreothamnus F. v. Muell. Fragr. Phytogr. Austr. 1, 39, 1858. 
Type D. mirmiwn F. v. Muell. 

Flowers solitary or in simple racemes. Sepals acute, equal to 
the length of the corolla-tube. In some species such as D. Pearsoni, 
D. subulatum, D. imhescens, and 1). scoparium both solitary flowers 
and few-flowered racemes may be present on the same plant. 

The subifenus Oreothamnus includes all those species of Draco- 
phyllum which I regard as the most ])riinitive members of the genus. 
This theory is based on the relative simplicity of the inflorescense 
and bracts, and on the fact that in some species the leaves, bracts, 
and sepals form a graded series. The flower might be considered 
as specialized in its united petals and filaments, but this is a cliaracter 
of the family. 

With the exception of one species in Tasmania (D. minimum) 
the subgenus is confined to the New Zealand region, being especially 
developed in the scrublands though several species are arborescent 
and belong to the middle foliage-tier of the forest. 

Group of D. minimum. 

Prostrate or semi-prostrate shrubs. Leaves acicular. Flowers 
generally terminal, solitary or sometimes in few-flowered racemes. 
The members of this group can usually at once be recognized by their 
low stature, small acicular leaves, and solitary flowers. D. muscoides 
differs from all the other species in its very small leaves ; D. minimum 
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and D, prostratum are most alike in possessing short leaves clothing 
the branchlets; D. pronum has short leaves in tufts at the end of 
the branchlets; D. politum and D. Pearsoni have stout acicular leaves 
clothing the branchlets. 

D, minimum is confined to Tasmania ; of the remainder, four are 
found in the extreme south of New Zealand, and one is distributed 
through the mountains of the South Island. The distribution of this 
group illustrates the law of primitive species being found at the 
periphery of the area covered by a genus. 

Dracophyllum muscoides Hook. f. 

Dracophyllum muscoides Hook. f. Handb. N.Z. FI, 183, 1864 
(Alps of Otago). Cheeseman, Man. N.Z, FI, 710, 1925. 
Buchanan, Trans. N.Z. Inst., 14, 346, pi. 26, 1882. 

Characters. — D. muscoides possesses the smallest leaves of all the 
species of Dracophyllum. The leaf including the sheath is about 3 
mm., the lamina being narrow, but widens rather suddenly into a 
broad sheath. The branches are clothed with closely-imbricated 
leaves. Sepals reaching to the top of the corolla tube which is 2-2.5 
mm. long. The plants form low dense cushions a few cm. in diameter. 
It is nearest allied to D. prostratxvm, but differs in its more compact 
habit and shorter leaves and flowers. 

Distribution . — The area in which this species is found includes 
the dry mountains of South Canterbury and northern and eastern 
Otago lx?tween 1,200 and 2,000 ra. altitude. Outside this region it 
has been discovered on The Hump in the Fiord district, altitude 
1,067 m. (Specimens examined) Rock and Pillar Ra., Mt. St. 
Bathans, The Hump. Mt. Earnslow, Old Man Ra. Mt. Pisa, Mt. 
Alta. (Recorded), Hector Mtns., Mt. Ernest, Mt. Cardrona, Ben 
Lomond. 


Dracophyllum minimum F. v. Muell. (Fig. 1.) 

Dracophyllum minimum F. v. MuclL, Fragm. Phytogr. Austr. 
1, 39, 1858. (Mount La Perouse). Bentliam, FI. Axistn 
4, 265, 1869. 

Characters . — Forms small cusliions 5 cm. across and 1.5 cm. high, 
or tlie erect clustered branches may be 4-5 cm. tall. Leaves 5-6 mm., 
lax or closely appressed to the stem. Flowers solitary, terminal, 
corolla-tube 4 mm. long, anthers included. This species 
resembles D, prostratum but has rather broader leaves; in habit it 
is more compact, and the corolla-tube is considerably longer being 
4 mm. instead of 3 mm. 

As indicated by the difference in habit, there may be two species 
in Tasmania. If so, the name minimum should apparently be applied 
to the prostrate species as it is this form which is represented in the 
Melbourne Herbarium, 

Distribution . — ^Western mountains of Tasmania. (Specimens 
examined) Lake Dora, Mount Rufus. (Recorded) Mt. Humboldt, 
Mt. La Perouse (type). 
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Draoophyllam prortmtam Kirk. 

Dracophyllum prostratum Kirk. Trans. N.Z. Inst. 13, 384, 1881 
(Mountains above Lake Harris). Cheeseman Man. N.Z. FI. 
710, 1925. 

Characters. — A prostrate plant with creeping stems giving off 
long terminal branches clothed with small acicolar leaves. In this 
last character it is allied to D. minSmum and D. muscoides, but differs 
from D. pronum in which the ultimate branches are usually short 
with the leaves tufted at the tips. Other distinctive characters are 
the small flowers, corolla 3 mm., and small acicular leaves, 5-6 mm. 
in length including the sheaths. The branches are flexible and the 
bark brown. 

Hybrids. — On Maungatua this species hybridses freely with 7). 
rosmarindfolium producing a series of forms {y. D. erectvm). 

Distribution. — The dry mountains of South Canterbury and 
north and east Otago, from 800 to 1,500 m. altitude. (Specimens 
examined) Mountains above Lake Harris (type). Mount St. Bathans, 
Hooker Valley, Maun^tua Hill, Longwoi^ Ban^, Takitimu Moun- 
tains. (Recorded) Clinton Valley, Blue Mountains, Ben Lomond. 

Dracophyllum pronnm W. R. Oliv., new name. (Fig. 2.) 

D. rosmarinifolium Hook. f. FI. Ant. 1, 48, 1844. FI. Nov. Zel. 
1, 171, 1853; Handb. N.Z. FI. 183, 1864 (in part, not R. 
Br.). D. rosmarinifolium Cheeseman Man. N.Z. FI. 427, 
1906 ; 2nd Ed. 709, 1925 (not R. Br.). D. muscoides Arm- 
strong, Trans. N.Z. Inst., 13, 342, 1881 (not Hook. f.). D. 
rosmarinifolium Betts, Trans. N.Z. Inst. 51, 155, 1919 (not 
R. Br.). 

This species was first included by Hooker tmder Forster’s name 
rosmarindfolium, and, with or without D. polituan, has since always 
been referred to by the same name. Actually however, as shown 
below, Forster’s plant is the one generally known as undflorum. D. 
politum is a distinct species, so that it becomes necessary to give the 
present species a new name. Cheeseman suspected that his rosimarini- 
f odium might not be the same as Forster’s, but not having seen 
Forster’s type made no alteration. 

Characters. — The distinctive characters of D. pronum are the 
prostrate habit, with stiff branches covered with grey bark, and bear- 
ing the leaves in tufts at their tips. The young shoots are covwed 
with Ifisves for some distance from thdr tips. Leaves acicular, with 
a jfliort, broad membranous sheath ; sheath 34 mm., lamina 6-11 nun. 
long. Flowers solitary, terminating the lateral brandies; corolla-tube 
4 mm. long. Sepals as long as the eorolla4ube. 

D. prorvwm differs from D. prostratum in its longer leaves dis- 
posed in tufts at the tips of the branches, in its rigid jbabit, its gr^ 
balk and larger eorolla-tube. From D. poUdwn it differs in its 
usually longer leaves disposed in tufts, and its exposed flowers. It 
looks very different from the densely-foliaged D. peditson where the 
flowers are almost concealed. Dried specimens of D. promun may be 
recognised by the ^eenish leaves in small tufts, and grey bark, 
characters which didinguish it from both D. prostratum and D. 
politum. 
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Forms. — DracophyUum pronum shows certain differences in life 
form and size according to habitat. In exposed alpine stations it 
is a low prostrate shrub closely huj^ng the rocky surface, and with 
scant foliage in tufts at the tips of the branches. In such situations 
the leaves are often reduced to 5-6 mm. in length. In shrub forma- 
tions at lower altitudes the plants are more laxly branched and 
taller with the leaves 10-11 mm. in length. In bogs the species 
becomes a scrambling shrub with long wiry stems with few branches. 
These observatimu were made on the mountains above Arthurs Pass. 

Hybrids . — ^In the Arthurs Pass district D. pronum grows in 
association with D. KirkU, and there is occasionaUy found a form 
which seems best explained by being a hybrid between these two 
species (XT), saxicolvm). 

Distr^ution . — ^Mountain districts from north Otago through 
Canterbury to Nelson from 800 to 1,800 m. altitude. (Specimens 
examined) Moimt Rochfort, Mount William, Mountains above Arthurs 
Pass, Ben More, Mount Torlesse, Hooker Glacier, Mount Arnold, 
Mount Ida, Mount Dobson Range, Wairau Mountains (Nelson), 
Mount Captain (Autnuri), Ewebum Creek, Broken River. 

Draoophyllum politum (Cheesem.) Ckne. (Fig. 3.) 

D. rosemarinifolium var. politum Cheeseman, Man. N.Z. FI. 427, 
1906. D. politum (Cheeseman) Cockayne, Bot. Surv. 
Stewart Id. 43, 1909, Cheeseman Man. N.Z. FI. 709, 1925. 

Characters . — A prostrate shrub with the branchlets densely 
clothed with stout acicular leaves with broad sheathing bases. The 
leaves dry reddish-brown and the ultimate branches have brown bark. 
The flowers are solitary and almost hidden by the leaves. In the 
closely-imbricating leaves this species resembles the much smaller 
D. prostratum. I consider, however, that its nearest ally is D. Pear- 
soni which it resembles in its densely-imbricating brown leaves, but 
in D. Pearsoni the leaves are much longer and the flowers are usually 
in few-flowered racemes. 

Habitat forms . — ^Always a prostrate shrub, this species may be 
wide spreading as is usually the case in sub-alpine scrub. On the 
exposed top of the Remarkable Range in the south of Stewart Island 
it occurs as a compact almost cushion-like mass with short branches 
and compact foliage. The leaves of such specimens are 7 mm. includ- 
ing the sheath. In the ordinary state the total length of the leaf is 
about 10 mm. 

Distribution . — Stewart Island, South Otago, from 300 to 1,100 
m. altitude. (Specimens examined) Rakiahua, Remarkables, and 
Mount Anglem in Stewart Island. Maungatua Hill, the Hump, Mt. 
Barber, and Mount Aspiring, in Otago. 

OiMop^rQiUB Peurmmi Kirk. 

Dracoj^yUum Pearsoni Kirk, Trans. N.Z. Inst. 17, 223, 1885< 
Cheesemun Man. N.Z, FI. 706, 1925. 

Characters, — A small erect shrub. Leaves stout, acicular, brown, 
densely clothing the branches, sheath 6, lamina 20 mm. Flowers in 
few-flowered raeenies near the ends of the branches. This spedes 
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resembles D, politum in the imbricating brown leaves but diSEers in 
the leaves being straighter and longer, in the flowers being in small 
racemes, and in the erect habit of the plant. 

Distribution, — Stewart Island, from 300 to 950 m. altitude. 
(Specimens examined) Fraser Peaks, Remarkables, Mount Anglem, 
Smiths Lookout. 

X Dracophyllum erectum n. hybr. sp. 

(Z>. prostratum X rosmarinifolium,) 

Frutex parvus erectus; foliis acicularibus, 10-12 mm. longis^ 
imbricatis ; floribus, solitariis, terminalibus,^ 4 mm. longis. 

Found on Maungatua in association with D, prostratum and D. 
rosfmarinifolium. In its characters it is intermediate between these 
two species and it is therefore presumed to be a hybrid between them. 

Characters. — A small erect shrub with the ultimate branches long 
and laxly clothed with small acicular leaves. Leaf-sheaths broad, 
membranous, edged with white. Flowers solitary terminal. The 
elongated branchlets clothed with acicular leaves is a character of 
D. prostratum, but the length of the leaves and their white-edged 
sheaths seems to be due to the influence of 2 >. rosmarinifolium. 

Distribution. — ^Maungatua Hill, 900 m. altitude. Hunter Moun- 
tains. 

X Dracophyllum saxicolum n. hybr. sp. 

pronum X Kirkii.) 

Frutex prostratus; foliis linearibus, planis, 13 mm. longis fasci- 
culis; floribus solitariis, 6 mm. longis. 

This form occurs sparingly on the mountains above Arthurs 
Pass in company with D. pronum and D. Kirkii. The leaves are 
intermediate between those of these species so that it is presumed 
that it is a hybrid between them. 

Characters. — A prostrate shrub, the branches flattened against 
the ground as in D. Kirkii. Leaves linear, but broader and flatter 
than in D. pronum, and slightly glaucus and ribbed, thus resembling 
D. Kirkii. Corolla-tube 6 mm. D. saxicolum resembles D. pronum 
in the small leaves disposed in clusters at the tips of the branches, 
but it departs from this species and approaches D. Kirkii in the 
slightly broad glaucous leaves and large flowers. 

Distribution. — Mountains above Arthurs Pass. 

(jroup of D. rosmarinifoliv^n. 

Erect shrubs with acicular leaves, 20-120 mnu long, and axillary 
flowers, solitary or in few-flowered racemes. This group is distin- 
guished from the group of D. minimum by its upright habit, and 
axillary flowers, that is, the flowers are borne on short lateral 
branches. D. rosmarinifolium and D. peninsulars are dense shrubs 
with large flowers; the other species are slender shrubs with small 
flowers, those of D. palustre being solitary, while those of D. subth 
latum are usuaDy in few-flowered racemes. D. palustre is found 
sparingly throughout the South Island; D. rosmarinifolium is more 
frequent there and extends to the Tararua Range as well; D, subu- 
latum is confined to the central portion of the North Island, D. 
peninsulare to Banks Peninsula. 
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Draoophyllum rosmaxinifalium (Forst.) B. Br. (Fig. 4.) 

Epacris rosmarinifolia Forst. FI. Ins. Austr. Prodr. 13, 1786 
(Dusky Sound). Dracophyllum rosmarinifolium R. Br. 
Prodr. FI. Nov. HoU. 5S6, 1810 (not Hook. f. FL Ant. 1, 48, 
1844 nor subsequent authors). D. uniflorum Hook. f. Ilandb. 
N.Z. FI. 182, 1864, Cheeseman Man. N.Z. FI. 709, 1925. D. 
acerosum Berggren, Minn. Fisiog. Soli. Lund. 15, 1877. 

Forster described Epacris rosmarinifolia from specimens collected 
at Dusky Sound during Cook’s second voyage to New Zealand. His 
name was listed in several subsequent works including Brown’s Pro- 
dromus where it was mentioned as belonging to Labillardiere’s genus 
Dracophyllum. The first botanist to apply the name to specimens 
collected in New Zealand after Forster’s visit was Sir J. D. Hooker 
and he associated it with the species in this account, named D. 
proimm. Hooker was followed by all subsequent authors who wrote 
on the plants of New Zealand. Doubt of the correctness of Hooker’s 
action was however raised by the fact that New Zealand botanists 
had not collected the species (D. pronum) in or near the locality 
visited by Forster. Cheeseman in his Flora stated that the D. ros- 
marinifolium of his work may not correspond with Forster’s type 
which he had not been able to see. During the time I was writing 
this paper, Professor Arnold Wall, of Christchurcli, was visiting 
England, so I asked him specially to examine Forster’s type witli 
a view to settling its identity. This Professor Wall did, and very 
kindly wrote to me from London under date June 14th, 1928, as 
follows : — 

To-day I went to the British Museum (South Kensington) and 
saw Forster’s type. There is one small twig only with no fruit or 
flower, locality not stated, but certainly Dusky Bay, as I also saw 
Forster’s drawing of the plant which shows’ flowers and an analysis 
thereof and gives Dusky Bay as locality. The leaves are exactly one 
inch long. The only other specimen of D. rosmarinifolium there is 
one of Kirk’s from Amuri, which is exactly the same plant as 
Forster’s (in the drawing the plant is called Epacris rosmarinifolia) . 
It was plain to mo at once that Forster’s plant (and Kirk’s) is simply 
what we now call D. uniflorum. I got out the specimens of that 
species and Dr. Rcndle agi^eed with me that they perfectly match 
the D. rosmarinifolium of Forster.” 

This finally settles the identity of Forster’s Epacris I'osmarini- 
folia, and Now Zealand botanists arc in debt to Professor Wall for 
clearing up the point. 

Characters. — As pointed out by Hooker the characters by which 
this species may be recognized are the sliort pungent leaves and the 
largo solitary flowers. The leaves are, however, longer than Hooker 
states, averaging 30 mm., though man}^ examples have them only 20 
mm. The corolla-tube is 6 mm. in length. Generally this species 
forms an erect, dense shrub, which when dominating the alpine scrub 
may be recognized at a distance as dark patches often forming a belt 
above the forest-line. D. rosmarinifolium is allied to I), palustre hy 
its small leaves and solitary flowers, but its dense habit easily marks 
it off while the leaves are broader and longer and the flowers longer. 
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Forms. — At least two forms, apparently not depending on 
habitat, may be recognized. In one the leaves are narrow, less than 
1 nun. in width, and may reach a length of 35 or 40 mm. This 
seems to be the prevalent form of the Tararua Banges, Nelson, and 
Canterbury. The otlier form has short leaves, up to 25 mm. in length, 
and 1.5 mm. broad. This form is found in Otago (Mount Barber). 
Forster’s type agrees with this broad-leaved form. A form perhaps 
depending on habitat has been sent me by Messrs. J. Scott Thomson 
and G. Simpson. It forms a shrub with pendant branches li m. 
long and narrow leaves 30-50 mm. long. It occurs on rook faces 
near Deep Stream in Central Otago. 

Hybrids. — D. rosmarinifolium appears to hybridize with D. hngi^ 
folium wherever the two species come together (X aciculari- 
folium). It also crosses with D. prostratum on Maungatua Hill (X 
D. erectum). 

Distribution. — In scrub above the forest-line from the Tararua 
Ranges to the South of Otago. Common everywhere, often the domi- 
nant plant in the formation. (Specimens examined) Mount Holds- 
worth. Mineral Belt, Mount Arthur, Buekland Peaks, Jacks Pass, 
St. James (Amuri), Ben More, Mount Torlesse, Mountains above 
Arthurs Pass, Maungatua Hill, Hector Mountains, Lake Wakatipu, 
End Peak, Takitimu Mountains, Wairau Mountains. (Recorded) 
Rangitata Range, Mount Fyffe. 

Dracophyllum peninsulaxe n. sp. 

Frutex erectus; foliis acicularibus, 100-180 mm. longis, 1 mm. 
latis, basis 20 mm. longis, auriculatis, ciliatis; floribus solitariis, 
sepalis acuminatis, ciliatis, corollis 7 mm. longis. 

Characters. — D. peninsulare is a very distinct species, easily 
recognized by its large solitary flowers and long acicular leaves. It 
is an erect shrub 1 m. tall or more with piurplish-brown bark. The 
leaves are narrow linear, with long oblong sheaths usually unequally 
truncated and aurieled at the top, the shoulders being ciliated. 
Length of lamina 100-190 mm., breadth 1 mm., sheath 20 X 5 mm. 
Flowers solitary, several below the terminal clusters of leaves. Sepals 
long, acute, with margins and backs ciliated. Corolla-tube 7 mm. 
long. 

The large solitary flowers place D. peninsulare in the group 
of D. rosmarinifolium but it differs from the other si>ecies of the 
group in the long acicular leaves. The leaves quite resemble those of 
the group of D. Vrmtteanum. ” 

Distribution. — ^Banks Peninsula. Abundant 480 m. and upwards. 
(Laing). 

Dracophyllum palustire Ckne., new name. 

Dracophyllum uniflorum var. virgatum Cheeseman, Man. N.Z. 
FI. 427, 1906, 2nd Ed. 709, 1925. D. virgatum (Cheeseman) 
Cockayne, Trans. N.Z. Inst, 44, 53, 1912. 

Characters. — This species is distinguished by its strict habit, 
long slender stems bearing flowers singly and laterally. The leaves 
are narrow, short acicular, 20-25 mm. long. Flowers with short 
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corolla-tube, 4-5 mm. long, lobes aeute. D. palustre is allied to D. 
rosmarinifoUum by its solitary flowers and narrow short leaves, but 
it differs in its slender strict habit, small leaves and small flowers 
arranged on short peduncles some distance below the tips of the 
branches. A character common to the two species is the pale margin 
to the bracts. In its habit and leaves D. palustre resembles D. suhxi- 
latum, which species however has much shorter corolla-tubes and the 
flowers generally in few-flowered racemes. The Mount Frederic 
specimens of D. palustre have some of the flowers in racemes. 

Distribution. — ^Nelson, North Westland and Otago, in swamps, 
sea level to 500 m. altitude. (Specimens examined) Waimangaroa 
River, Cedar Creek, Mount Hope, Mount Frederic, Denniston, Lake 
Brunner, Kumara, Mount Ida, Mount Eamslaw. 

Draeophyllnm subalatum Hook. f. 

Dracophyllum suhulatum Hook. f. FI. Ant. 1, 50, 1844. Cheese- 
man Man. N.Z. FI. 707, 1925; lU. N.Z. FI. pL 132, 1914. 
D. angustifolium Colcnso, Trans. N.Z. Inst. 28, 603, 1896. 

Characters. — D. suhulatum is characterized by the slender erect 
branches, small reddish leaves, 20-30 mm. long, and small flowers, 2-3 
nun. long, in few-flowered racemes or solitary. A further noticeable 
character is the light margin to the bracts. In all these characters it 
resembles D. palustre, which species, however, differs in the flowers 
being almost alwaj's solitary, the corolla-tube being a little longer 
and the light margin to the bracts being more pronounced. 

Habitat forms. — Growing in warm ground in Leptospermum 
(ricoides association at Waiotapu this species tends to lose its slender 
form, the branches spreading out into a more bushy form. The 
branches are pale grey, perhaps caused partly by a deposit of sulphur, 
and the leaves instead of being strict are spreading and flexuose. 

Hybrids. — D. subulatvan hybridizes with D. filifolium where the 
two species mingle as on the Waimarino Plains {X p. vulcanicum) 
and also with D. lessonianum (X H- marginatum). 

Distribution. — ^From the middle Waikato and Upper Thames 
Valleys and Rotorua to Ruapehu, the Kaimanawa and Ruahine 
Ranges. It is dominant over large areas on the Rangitaiki Plains. 
(Specimens examined) — Te Waotu, Mangapeehi, Rotorua, Patetere 
Plateau, Lake Tarawera, Taupo, Rangitaiki Plains, Tongariro, Rua- 
pehu, Waiotapu, Waimarino Plains, Kaimanawa Range, Ruahine 
Range, Mount Blowhard (Hawkes Bay), Kuripapanga (Hawkes 
Bay). (Recorded) — Tarawera, Cambridge, Matamata. 

Qroup of D. Kirhii. 

Prostrate shrubs with broad grass-like ribbed leaves, and flowers 
either solitary or in few-flowered racemes. The two species included 
in this grotip are almost idonticid in appearance, but D. KirkU has 
the leaves glabrous and tiie flowers solitary, while D. puhescens has 
pubescent l^ves and flowers in few-flowered racemes. Their area 
of distribution extends threm^ Neison, North Westland and West 
Canterbury, D. KirhH oeeupying Hie whtfle range while D. puhescens 
is found only in a restrint^ area to the North of the Lower Buller 
River. 
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The life history of D, pubescens might indicate an origin for 
the group of D, Kirkii from acicular leaved species as in the group 
of D, minimum. On this hypothesis D. pubescens would have 
advanced a stage further than D. Kirkii. 

Dracophyllum Kirkii Berggren. 

Dracophyllum Kirkii Berggr. Journ. Bot, 17, 104, 1880, Cheese- 
man Mom, N.Z. FL 708, 1925. D. umflorum Berrgr. Minn. 
Fisiog. Sail. Lund, 15, pi. 4, 1877 (not Hook. f.). 

Characters. — The distinctive characters arc the prostrate habit, 
broad glabrous grass-like leaves, and solitary flowers. Leaf sheath 
4-5 mm., lamina 20-35 mm. long, 2-4 mm. broad. Corolla-tube 6 mm. 
long. 

Forms. — Specimens from southern localities (Copland River, 
Black Birch Creek, Hooker Valley) have leaves narrower, 1. 5-2.5 
mm. broad, than those from more northern districts, 4-4.5 mm. broad, 
these in this character approaching D. pubescens. 

Hybrids. — In the Arthurs Pass district hybrids between D. Kirkii 
and D. pronum have been detected where the two species are growing 
together in open scinib (X H. saxicolum). 

Distribution . — South Nelson, North Westland, West Canterbury 
from 800-2,000 m. altitude. (Specimens examined) — Mountains 
above Arthurs Pass, Rangi Taipo, Kellys Hill, Griffin Range, Ash- 
burton Mountains, Copland River, Black Birch Creek, Hooker Valley. 
(Recorded) — Lake Tennyson, Mount Torlesse. 

Dracophyllum pubescens Cheeseman. 

Dracophyllum pubescent Cheesem. Man. N.Z. FL 426, 1906; 2nd 
Ed. ‘708, 1925. 

Characters. — Characterized by its semi-prostrate habit, its broad 
pubescent grass-like leaves and its flowers in few-flowered racemes. 
The flowers are occasionally solitary. Leaf-sheath 6 mm., lamina 45- 
50 mm. long, 4-8 mm. broad. Corolla-tube 5 mm. long. 

In the young plant the first leaves are acicular, 4-5 mm. long, 
and about .5 mm. wide. These persist on lateral branches near the 
base. The next leaves are broad, like the mature leaves but smaller, 
blade 22 X 2.5 mm. Prom this position the leaves increase in size 
up the stem until they become larger than the mature leaves. 

Distribution. — On mountains to the north of the lower Buller 
Valley, 500-1,000 m. altitude. (Specimens examined) — Mount Roch- 
fort. Mount Frederic, Mount Augustus, Burnetts Face. 

Group of D. scoparium. 

Erect shrubs on trees, wkh narrow, ciliolate leaves. Flowers in 
few-flowered racemes with persistent bracts, or solitary. The flowers 
are small, corolla-tube 4 mm. D. scoparium from Campbell Island 
and D. paludosum from Chatham Island are closely allied and if 
growing on the same island could scarcely have been defined. D. 
arboreum from Chatham Island is evidently an ally though differing 
from the other two in its larger wider leaves and distinct juvenile 
form. The group is not represented on the main islands of New 
Zealand, but it approaches nearest the group of D. rosmarinifoUum. 
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Dracophyllum scoparium Hook, f, 

Dracophyllum scoparium Hook. f. FL Ant, 1, 46, PI. 33 (except 
capsule and seed), 1844. Campbell Id. Cheeseman Man, 
N,Z, FI, 706, 1925. D, UrvUleanum var. scoparium Hook. f. 
Handb. N,Z, FI, 736, 1867. D, subantarcticum Cockayne, 
Veg. N,Z, 265, 1921 (name only). D. UrvUleanum Filhol 
Miss, He Camp, Bot, 6, 1885 (not A. Rich). Dracophyllum 
sp. Cockayne, Trans, N,Z, Inst,, 36, 271, 1904. 

There has been a certain amount of confusion in the nonien- 
olature of this species owing to Hooker associating it with D, Urvillea- 
num, to which it bears little resemblance, and to the plate in tlie 
Flora Antarctica not quite representing the species but partly show- 
ing the habit of D, arboreum. Through the courtesy of the director 
of the Kew Herbarium I have been enabled to examine a portion of 
the type specimen and it is undoubtedly the species that grows 
abundantly in Campbell Island. Botanists finding the common 
Dracophyllum on Campbell Island in some respects unlike the plate 
in the Flora Antarctica which they naturally took to represent the 
species described by Hooker were doubtful as to the correct name 
to be applied to it. The Director of the Kew Herbarium informs me, 
however, that the description and figures in the original account, 
uith the excejition of the capsule and seed and probably the habit 
figure, which are based on ('hatham Island material, refer to the 
species herein delimited. 

Characters . — An erect shrub, 2 m. tall, with dense foliage. 
Leaves narrow, 30-60 mm. long, 1 mm. wide, tomontose above. 
Flowers solitary or in few-flowered racemes. Sepals and bracts with 
white ciliatc margins and pubescent within near the tips. D, 
scoparium is very closely allied to D. paludosum differing mainly in 
the longer narrower leaves which are tomentose above instead of 
being ciliatc only on the margins as in D. paludosum, 

Ilybrids. — D, scoparium crosses freely with D. longifolium with 
which it associated on Campbell Island, producing a series of inter- 
mediate forms (X D, insular e). 

Distribution . — Campbell Island, forming the principal constituent 
of the scrub. 


Dracophyllum paludosum Ckne. 

Dracophyllum paludosum Cockayne, Trans. N,Z. Inst. 34, 318, 
1902. D. scoparium var. paludosum Cheeseman Man, N.Z, 
FI. 707, 1925. D, rosmarinifolium Buchanan, Trans, N.Z. 
Inst. 7, 338, 1875 (not Forst.). 

Characters , — A shrub wliieh in its flowering state varies from a 
few cm. to 2 m. tall. Leaves narrow, 30-40 mm. long, 1-1.5 mm. wide, 
the margins minutely ciliated. Flowers solitary or in few-flowered 
racemes. Sepals and bracts with pale ciliate margins. In a flowering 
plant 15 cm. tall, which I collected in a swamp on Chatham Island 
the flowers were all solitary, each one subtended by a few leaf-like 
bracts. 

Distr^ution . — Chatham Island, chiefly in swamps. 
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Dracophyllum arboreum Gkne. (Fig. 5.) 

Dracophyllum latifoUum var. ciliolatum Hook. f. Handb. N.Z. 
FI, 736, 1867. Z>. arboreum Cockayne, Trans, N.Z. Inst 34, 
318, 1902. Chceseman Man. N.Z. FI. 707, 1925. D. 
scoparium Mueller, Veg, Chatham Id. 42, 1864 (not Hook. 

f.). 

D. scoparium var. major Cheeseman, Man. N.Z, FI, 425, 1906. 

This species was first described by Hooker under the varietal 
name ciliolatum. It would be in accordance with the principle of 
the law of priority to use this name for the species, but in deference 
to a rule in the same code I adopt the name arboreum. As showing 
the complexity of the code Cheeseman bestowed a third name major 
under the impression that he was abiding by the rules. 

Characters, — A shrub or small tree, up to 10 m. tall. Leaves 
with densely-ciliate margins, and at the base pubescent above. Juve^ 
nilc leaves large, 120-180 mm. long; mature leaves 80 mm. long. 
Flowers in racemes with broad persistent bracts with eiliate margins ; 
corolla-tube 5 mm. long. This species looks different from D. 
scoparium and D. paludosum but the disposition of the cilia on the 
leaf-margins seems to ally it to the group of D. scoparium, as a 
member which has advanced considerably in size, diversity of leaf 
and definiteness in the raceme. 

Distribution. — Chatham Island. 

Group of D. Vrvilleanum. 

Erect shrubs or trees. Leaves long, very narrow, hollowed above, 
except at the tip, more or less of which is flat above. Flowers in 
racemes with the bracts persistent or deciduous. 

This group includes those species of Dracophyllum which have 
long, very narrow leaves and flowers in racemes. Two, D. UrvU- 
leanum and D. filifolium, are very closely allied, and in their partly 
deciduous bracts approach the group of D. longifolium. D, collimm 
is related to D. UrvUleanum, but has a longer flower, and long per- 
sistent bracts. D. Lessonianum is ijuite distinct from the other 
species by reason of tis long sepals and clustered racemes. 

D. UrvUleanum and D. collinum occupy different districts in 
the north of the South Island, D, filifolium is found over most of 
the North Island south of latitude 38® S., while D. Lessonianum is 
only found to the north of this line. Such a type of distribution, 
that is, species occupying adjacent but indistinct areas is not un- 
common for related species. 

Dracophyllum Vrvilleanum A. Rich. (Fig. 6.) 

DracophylVum, UrviUeonwin Richard, Toy. AstroL Bot. 221, 1832. 

The {Recounts published under this name are in such utter con- 
fusion that it is useless to quote any further references. It is in 
fact quite impossible to tell what form is meant when the 
UrvUleanum is used in botanical publications.' It hM b^ applied 
not only to 3 of the species in the group of D. UrvUhawiMn as here 
defined but also to other species such as D. tceparinm, and D. longi- 
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Fig. 14. — Dracophyllum Menziesii Hook, f. Dusky Sound. 
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Fig. 22 . — Dracophyllum Traversit Hook. f. Arthurs Pass. 
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folium, I am here restricting the name Urvillemum to the species 
found on the north coast of the South Island. It was originally 
collected by D'Urville in Tasman Bay. 

Characters , — An erect shrub. Mature leaves very narrow 
acicular, hollowed above, sheaths narrowing abruptly to the leaf- 
lamina. Leaf-sheath 6, lamina 70 mm.; width 1 mm. Juvenile 
leaves larger and thinner, sheath 8, lamina 120 mm.; width 3 mm. 
Eacemes terminating short lateral branches bearing a few leaves 
below them; few-flowered, bracts with sheaths suddenly narrowing to 
an acicular point, deciduous. Sepals acute, margins sparingly ciliate. 
Corolla equal in length to the sepals, 5 mm., with acute lobes. 

D, TIrvilleanum is very closely related to 2>. filifolium, differing 
in the bracts narrowing re^larly, that is without a shoulder, in 
the few-flowered racemes with deciduous bracts and in the large 
grass-like leaves of the juvenile plant. 

Distribution , — Western shores of Tasman Bay, D'Urville Island, 
Picton, Tennyson Inlet. 

Dracophyllum fllifolitim Hook. f. 

Dracophyllum filifolium Hook. f. FI, Nov, Zel, 1, 169, 1853. D, 
setifolium Stchegel, Bull, Soc, N,H, Mosc, 32, 23, 1859. D, 
pungens Colenso, Trans, N,Z, Inst, 28, 602, 1896. D, virga- 
turn and D, heterophyllum Colenso, l,c,, p 605, 1896. 

This form has been much misunderstood, Cheeseman for instance 
recording it as occurring from the Bay of Islands to Stewart Island. 
Evidently several species as defined in this paper arc involved in this 
conception. 

Characters , — A shrub or small tree. Leaves very long and 
narrow, 130-160 mm. long, 1 mm. wide, hollowed above except near 
the tip, sheath 10-15 mm. long, Eacemes narrow terminating slender 
lateral branches with a few leaves below them, 7-9 flowered; bracts 
usually persistent, the sheath narrowing abruptly to the tip. Sepals 
equal in length to the corolla-tube, margins ciliate, 5 mm. 

Compared with D, Urvilleanum, which is its nearest ally, this 
species differs in its racemes having more flowers with persistent 
bracts and in the slightly different form of the bracts. Usually the 
leaves are longer than in D, Urvilleanum and the racemes are longer 
and narrower. 

Forms, — Differences are observed when specimens from different 
localities and habitats are compared. The leaves of plants from the 
Tararua Eanges are very long, reaching 160 mm. ; those from plants 
from the Waimarino Plains are considerably shorter, the longest 
being about 100 mm. 

Hybrids, — D, filifolium hybrid’^es freely with 2>. recurvum (X 
D, arcuatwm)y and with D, subulatum (X vulcanicum). 

Distribution, — ^From Mount Egmont, Mount Euapehu, and the 
Euahine Range southwards to Cook Strait, ascending to 4,500 feet. 
(Specimens examined) — ^Mount Egmont, Mount Euapehu, Wai- 
marino Plains, Euahine Range, Mount Holdsworth, Mount Merchant, 
Mungaroa. 

vv 



696 Tmnmctions, 

Dracophyllum callinum n. sp. (Pig. 7a.) 

Prutex erectus; foliis augustatis, subulatis, 80-100 mm. longis, 
1.5 min. latis ; floribus racemosis, 6 mm. longis, bracteis persistenbibus, 
sepalis acumuatis. Type locality, Tinline Valley, Marlborough. 

I have seen this species only from one locality, but it does not 
resemble any species or hybrid with which I am acquainted, so I 
am describing it as a new species. 

Characters . — Evidently a slender erect shrub. In the specimens 
examined the shoot extends 25 cm. beyond the cluster of racemes. 
Leaves narrow but sufficiently wide at the base to describe them as 
subulate; widening abruptly into the sheath. Eacemes terminating 
short lateral branches with a few leaves below them, 8-10 flowered. 
Corolla rather long, 6 mm. Bracts persistent, large, with long points, 
the sheath narrowing gradually to the point. 

D. collinum is placed in the group of D. Urvilleanum because of 
its narrow leaves. They are, however, slightly wider at the base 
than in the mature leaves of D. Urvilleanum or D. fiUfoUum. The 
sheath is shouldered but not auricled above. The racemes are larger, 
the corolla-tube longer, and the bracts wider than in D. Urvilleanum. 
The sepals also are longer and more acuminate than in Z>. Urvillea- 
num. 

Distribution. — Tinline Valley, Marlborough. 

Dracophyllum Lessonianum A. Rich. 

Dracophyllum Lessonianum A. Rich. Yoy. Astrol. Bot. 223, 1832. 

Homb. & Jacq. Bot. Yoy. Astrol. & Zel. 85, pi. 29, 1853. 

D. rdbustum Hook. f. FI. Ant. 1, 49, 1844. 

References in literature to this species, or variety of D. Urvillea- 
num as it has sometimes been classed, are quite confusing, more 
than one form evidently being included. Thus the range given in 
Cheeseman^s Flora, namely, Rotorua to Stewart Island, is wholly 
outside its area of distribution as given in this revision. Nor could 
such a distributional area be correct, as Richard ’s specimens probably 
came from the Bay of Islands, which is one of the localities in which 
Lesson collected during his visit to New Zealand in the Astrolobe. 
Hooker {Handb. N.Z. FI. p. 182, 1864) gives the distribution of D. 
Lessonianum as north of Auckland only. 

Characters. — A shrub or small tree 10 m. tall. Leaves narrow, 
60-100 mm. long, 1 mm. wide, hollowed above for more than half 
the distance from the base ; sheath auricled. Racemes long, terminat- 
ing short lateral branches, clustered towards the ends of the branches ; 
bracts, persistent, with long narrow sheaths; sepals acuminate, 
slightly exceeding the corolla-tube; corolla-tube long, 6 mm. The 
juvenile leaves are wider than the mature leaves, lamina length 60 
mm., width 3 mm. 

D. Lessonianum is easily distinguished from the other members 
of the group by tis generally shorter leaves, but especially by the 
long racemes, with long acuminate sepals and long flowers; the 
bracts with narrow sheaths are also characteristic. The dense 
clusters of racemes gives the plant a distinct appearance. 
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Forms, — In Mr. Carse s herbarium are specimens from the same 
locality (Pukemiro) which show considerable differences in size. In 
one the leaf is 100 mm. and the flower 6 mm. long; in another the 
leaf is 50 mm. and the flower 4 mm. long, but what status should 
be given these forms I am unable to decide. 

Hybrids, — At Tauhei (Piako County) it hybridizes with D, 
subulatum (X D, rmrginatum) ; in the Mangonui County it crosses 
with D. squarrosum (X D, densiflorum) , 

Distribution, — Auckland Province north of S. Lat. 38®. (Speci- 
mens examined) — ^Kaitaia, Mount Camel, Pukemiro, Kaimaumau, 
Pairburn, Maropui (Kaihu Valley), Whangarei, Great Omaha, Bay 
of Islands, Tauhei (Piako), Te Aroha. 

X Dracophyllum vulcanicum n. hybr. sp. 

(jD. filifolimi X H, subulatum.) 

Prutox ercctus, gracilis; foliis filiformis 40-50 mm. longis; basis 
auriculatis; racemis paucifloris, latcralibus, bracteis angustatis. 

Characters, — This form is found in association with D, filifolium 
and D, subulatum. Its characters arc a combination of some from 
each of these species, so that it is with little doubt a hybrid between 
them. It is a slender strict shrub, much like D, subulatum. Its 
leaves are very narrow, like those of 2 ). filifoUim, but they are much 
shorter, no doubt dua to the influence of D. subulatum. The flowers, 
like those of D. subulatum, are small and solitary or in few-flowered 
racemes. Bracts with narrow sheaths, and light-coloured margins. 

Distribution . — ^Waimarino Plains, Ngauruhoe. 

X Dracophyllum marginatum n. hybr. sp. 

{D. Lessonianum X D. subulatum.) 

Prutex gracilis ; ramis tennibus ; foliis filiformis ; basis truncatis ; 
racemis paucifloris, lateralibus** vel terminalibus. 

Characters, — The plants grouped under this hybrid look very 
different, but agree in being slender shrubs with short filiform leaves, 
and short few-flowered racemes of small flowers. The leaf sheaths 
are like those of D, Lessonianum, that is, narrower and not auricled 
on those leaves near the tips of the branchlets but auricled on leaves 
lower down, and they have whitish margins. The lamina may not 
he longer than in D, subulatum but is shorter than in D. Lessonianum 
and has the large sheaths of D. Lessonianum. The racemes are much 
^s in D, subulatum, but are clustered and terminate the branches as 
in D, Lessonianum. 

The plants examined were all collected at Tauhei, Piako County, 
hy Mr. H. Carse, in association with D, Lessonianum and D. subu- 
latum, There can scarcely be any doubt that they are hybrids 
between these species. They resemble quite closely X D. vulcanicum 
the hybrid between D, filifolium and D. subulatum. 

Distribution, — Tauhei (Piako County, New Zealand). 

Group of Z>. squarrosum. 

This group is characterized by its broad leaves, and lateral 
racemes with persistent bracts. The adult leaves ate moderately 
short, but the juvenile leaves may be long. The group stands between 
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those ofc‘ 7). Urvilleanum and D, longifolmm, which latter group it 
resembles in the acute sepals with eiliate margins and large juvenile 
leaves. One species (Z>. viridc) is easily separated from the others 
by its thin leaves and lax racemes; of the other two, D. patens, has 
much liroader leaves than Z). squarrosum. All the species are con- 
fined to New Zealand north of S. Lat. 38°, one being restricted to 
the far north, and another to Great Barrier Island. 

Dracophyllum squarrosum Hook. f. (Fig. 8.) 

DracopJiyllum squarrosvm Hook. f. FL Ant, 1, 48, 1844. Manu- 
kau Bay. 1), Sinclairii Cheeseman, Man. N.Z, FI. 421, 1906; 
2nd Ed. 704, 1905 

Under Article 50 of the International Rules of Botanical Nomen- 
clature, Cheeseman would not be justified in rejecting squarrosum 
and founding tlie new name Sinclairii on account of the prior Draco- 
phyllnm squarrosum Bi’own, as this species was described as Epacris 
squnrrosa by Poiret, was later transferred to Sphenotoma by Don, 
and at the time Cheeseman wrote was accepted as belonging to 
t^phenoUma. Brown's classification was not generally accepted. 
Sphenotoma is retained in De Candolle's Prodromus and Mueller’s 
Fragmenia. 

Characters. — The distinctive characters of D. squarrosum are the 
bhoi’t moderately broad leaves of the mature plant, the large leaves 
of the juvenile plant, and the clustered racemes terminating short 
lateral branches. The se])aLs are acute with sparsely-eiliate margins 
and longer than the corolla-tube. The corolla-tube is .short, 4 mm. 
The sheaths of the leaves arc not distinctly auriclcd but join the 
lamina abruptly. The young leaves reach a length, including the 
sheath, of 150 mm., with a width of 7 mm. just above the sheath. 
Adult leaves measure 60 mm. in length and 3 mm. in breadth. 

Disfrihution. — New Zealand north of S. Lat. 38° 30'. (Speci- 
mens examined) — Reef Point, Waitemata Harbour, Thames, Tapo- 
topoto Bay, Mount Messenger. 

Dracophyllum patens n. sp, (Pig. 9.) 

Prutex parvus; ramis robustis; foliis, latis, brevibus, 45 mm. 
longis, 6.5 mm. latis, crassis, subulatis; raceinis, paucifloris, bracteis 
sepalisquc latis. 

Characters. — The leaves resemble very closely those of D. 
strictum, but the lateral racemes ally the species to D. squarrosum. 
Leaves short, broad at the base, narrowing gradually to the apex; 
at the base they widen suddenly to the broad sheath which has thin 
scarious margins. Sheath 8 mm. long, 1 mm. wide, lamina 38 mm. 
long, 6.5 mm. wide at base. Racemes short stout, 5-6 flowered. Bracts 
with broad sheaths and short broad points. Sepals broadly acute, a 
few cilia on the margins near the base. Corolla-tube wide, 4 mm. 
long. 

The nearest ally of this species is D, squarrosum, but it differs 
in being stouter in all its parts. The leaves of D. patens are about 
twice as wide as those of a similar length in D. squarrosum. I have 
seen no specimens of D. squarrosum from the mainland approaching 
it, hence I conclude that it is not a habitat form of that species. 
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Distribution , — Great Barrier Island, in seinib at summit of Mount 
Hobson. 

Dracophyllum viride n. sp. (Pig. 10.) 

Frutex vel arbor, ramis gracilibus; foliis, tenuibus, latis, viridi- 
bus; racemis, laxis, paucifloris, sepalis, acutis, braeteis attenuatis. 

Characters , — Easily distinguished from all other species of 
Dracophyllum by its thin, broad, grass-like leaves, and few lax 
racemes immediately below the tufts of leaves which terminate the 
branches. According to Mr. Carse it is a small tree 3.5 m, tall, 
with a trunk 10-23 cm. in diameter. The ultimate branches arc very 
slender and bear at their tips the long green leaves. The racemes 
are few, and consist of 5 to 6 flowers separated by short intervals 
on a slender rhachis. Bracts narrow, thin, acuminate. Sepals 
narrow, acuminate, with a few marginal cilia. Corolla-tube short, 
4 mm. 

Juvenile leaves reach a length of 175 mm. (including the sheath), 
and a width of 8 mm. Mature leaves 60-70 mm. long, 5-6.5 wide. 

Distribution , — Mangonui County, North New Zealand. (Speci- 
mens examined) — Spirits Bay, Peria. (Petrie referred the Peria 
specimens to his D. Adamsii)^ Tauroa. 

X Dracophyllum densiflorum n. hybr. sp. 

{D, Lessonianum X squarrosum.) 

Frutex; ramis tenuibus, apexes multo divisis; foliis subulatis, 
complanatis basis varginantis vix auriculatis ; racemis paucifloris, 
ramos laterales ad apexes; braeteis sepalisque ciliatis. 

Characters . — This form is recognized by the dense foliage, few- 
flowered racemes terminating slender lateral branches and sometimes 
the main branches, small flowers with eiliate bracts and sepals, and 
moderately narrow short leaves. 

Ill the clustered racemes of narrow flowers this form resembles 
D. Lessonianum, but the corolla-tube and sepals are short as in D. 
squarrosum. The leaves resemble those of D. squarrosum but are 
narrower, showing the influence of D, Lessonianum, I conclude 
therefore that it is a hybrid between the two species. It comes within 
the geographical range of both these species, though I am unable to 
state definitely that in the localities in which it is found it is imme- 
diately associated with them. 

Leaves 30-50 mm. long, including the sheath, 5 mm. width at 
base 1-1.5 mm. Sepals acuminate, eiliate, longer than the corolla- 
tube, 5-6 mm. Corolla-tube 4-5 mm. Racemes 7-8 flowered bracts 
narrow. 

Distribution. — Awanui, Bangaunu Harbour (both localities in 
Mangaonui County, New Zealand). 

Group of D. recurvum. 

Prostrate shrub with recurved leaves and short dense terminal 
racemes with persistent bracts. In the shape of the leaf it comes 
near the group of D. squarrosum, but the terminal racemes separate 
from all groups of the subgenus Oreothamnus. A single species only, 
found in the central portion of the North Island is included. 
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Dracaphyllum recurvum Hook. f. 

Dracophyllum recurvum Hook. f. FI, Ant. 1, 50, 1844 (Tonga- 
riro). Cheeseman Man, N.Z, FI. 704, 1925; III. N.Z. FI, pi. 
131, 1914. D. ruhrum Col. Traru^. N,Z. Inst. 20, 200, 1888. 
D. tenuicaulis Col. l.c. 22, 476, 1890. D. brachyphyllum CoL 
l.c. 28, 604, 1896. D. brachycladum Col. l.c, 31, 275, 1899. 

Characters , — The species is easily recognized, the recurved leaves 
and terminal racemes separating it from all other species of the genus. 
It is usually a low or prostrate shrub with wide-spreading branches 
covered with grey bark. Leaves about 20 mm. long, 1.2-1.5 mm. wide. 
Eacemes about 1.5 mm. long, and nearly 1 cm. wide. 

Habitat forms. — Growing among other shrubs D. recurvum may 
be a semi-erect shrub .5 m. tall with curved leaves 30 mm. long, 
but in the desert scrub of Mount Kuapehu it is a prostrate shrub 
a few cm. tall and with leaves 20-25 mm. long and curved to such 
an extent as sometimes to form more than half a circle. The leaves 
are reddish in such plants. 

Hybrids . — D. recurvum crosses with both D, longifolium and D. 
filifolium producing hybrids {X D. variwn, X D. arcuatum) which 
are very much alike in appearance but differ in the width of the 
leaves and the size of the racemes. 

Distribution. — On mountains in the central and eastern portion 
of the North Island of New Zealand. (Specimens examined) — Mount 
Hikurangi, Tongariro, Ngauruhoo, Ruapehu, Mount Kakaramea, 
Ruahine Range, Rangipo Plain. (Recorded) — ^Kaimanawa Range. 


X Dracophyllum varium Col. (Fig. 11.) 

(Z>. longifolium X D. recurvum.) 

DracophyJUm varium Col. Trans. N.Z. Inst. 28, 603, 1896 (Rua- 
hine Range). I), llrvilleamm var. monianum Cheeseman, 
Man. N.Z. FI. 424, 1906. D. montanum (Cheeseman) 
Cockayne, Veg. N.Z. 218, 1921. D. VrvUleanum var. sco- 
parium Adams, Trans. N.Z, Inst. 30, 426, 1898 (not A. 
Rich.). 

Dracophylhim varium of Colenso as shown by the type specimen 
in his herbarium is a hybrid between D. recurvum and D. longifolium. 
On hybrids of the same parentage Cheeseman founded the name 
montanum, his specimens coming from Mount Hikurangi. 

Characters. — The prevalent form of this hybrid is a low shrub, 
with stiff, straight or recurved leaves, 40-60 mm. long, 2-3 mm. wide 
at the base, and terminal racemes with rather large flowers. The 
leaves are like those of longifolium but shorter and often recurved. 
The racemes are intermediate between those of recurvimi and longi^ 
folium, but like those of recurvum terminate the main branches as 
well as the lateral ones. 

Distribution . — On mountains in the central and eastern portion 
of the North Island of New Zealand. (Specimens examined) — Mount 
Hikurangi, Ruahine Range, eastern base of Ruapehu, Waiotapu. 
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X Dracophyllum arouatum n. hybr. sp. 

(D. filifolium X -D* recurvum,) 

Frutex parvus ; foliis brevibus, subulatis, arcuatis basis vaginantis 
truiicatis; racemis paueifloris terminalibus, floribus parvis. 

Characters* — A small erect shrub, with short, stiff, rather narrow 
leaves, often slightly recurved, and few-flowered racemes terminating 
the branches. These characters are undoubtedly produced by the 
crossing of I>. filifoliviini and D. recurvum. The leaves are 30-40 mm. 
long, and about 2 mm. wide just above the sheath. The panicles are 
few-flowered and small, like those of D. filifolium but are terminal, 
a character due to the influence of I>. recurvum. The above descrip- 
tion is based on specimens collected on Mount Ruapehu where this 
hybrid grows in association with D. recurvum and D. filifolium. 
Forms midway between these two species naturally attract attention 
but on close collecting it is found that there is a graded series 
between the two parent forms. 

Distribution, — Ruapehu and Ruahine mountain ranges. (Speci- 
mens examined) — Mount Ruapehu, Waimarino. 

Group of D. longifolium. 

Tall shrubs or trees. Leaves long, flat, moderately narrow and 
with a wide sheath. Racemes with the bracts falling early, terminat- 
ing lateral branches. The character of the raceme coupled with that 
of the leaves distinguishing this group. The raceme has advanced 
to the stage of losing the bracts early. The flowers are stalked and 
the whole raceme may droop, thus resembling in appearance the 
simple panicles of the subgenus Eudracophyllum, I regard this type 
of raceme as the most specialized in the subgenus Oreothainnus ; of 
the two species belonging to the group, D. longifolium has stiff leaves, 
D. Adamsii has thin flaccid leaves. D. longifolium ranges from the 
East Cape to Campbell Island, while I>. Adamsii is restricted to the 
Bay of Plenty and East Cape districts. 

Dracophyllum longifolium (Forst.) R. Br. (Fig. 7b.) 

Epacris longifolia Forst. Char, Gen. 20, pi. 10, 1776. E. frondosa 
Gacrtner, Fruct. i:iem. FI, 2, 77, 1788. Dracophyllum longU 
folium R. Br. Prodr, FI. Nov. Roll. 556, 1810. Hook. f. 
FI. Ant, 1, 48, pi. 31, 1844. Homb. & Jacq. Bot, Voy. Astrol. 
Zcl. 86, pi. 27, 1853. Cheeseman Man. N.Z. FI. 704, 1925. 
D. Lyalin Hook. f. FI. Nov. Zcl. 1, 169, 1853. D. longi- 
folium var. retortum Homb. & Jacq. Bot. Voy. Astrol. & 
Zel. 86, 1853. 

D. longifolium varies somewhat in the size of the leaf so that 
in botanical literature it has been many times recorded as one of the 
varieties of D. U rvilleanmn. 

Characters. — The constant characters by which this species is 
recognized are the long, stiff, narrow leaves, and the racemes with 
bracts that fall early. The loss of the bracts gives the raceme a 
distinct appearance resembling the simple panicle of the subgenus 
Eudracophyllum, This appearance is the more noticeable on account 
of the fact that the raceme is often drooping. The leaves, as 
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described below, vary very much in length, width, and stiffness, but 
all agree in being flattened at the base and in having the sheath wide 
and truncate or auricled above. P. longifolium may be a shrub 1 m. 
tall or a tree 12 m. tall. It is largest in the southern portions of its 
range. 

Forms . — In different localities and habitats various differences 
are seen in the life-form of this species, in the racemes, and in the 
leaves. I do not regard all these differences as due to the environ- 
ment, hence the species is compound; though on the material avail- 
able I am not able satisfactorily to divide it into either genetic or 
habitat forms. 

Possibly the three following forms are genetically distinct. 

(1) Broad-leaved form from Auckland and Campbell Island. 
Leaves broad, stiff and spear-like, with broad sheaths. Racemes erect. 
Leaf from Campbell Island — sheath 18 X 14 mm., lamina 125 X 5 
mm. Specimens with short leaves, evidently a habitat form, were 
described by Ilombron and Jacquinot as variety retortum. 

(2) Prevalent form in New Zealand. Leaves long, narrow, 
moderately stiff. Racemes often drooping. Leaf from small tree in 
beech forest. Lake Manapouri — sheath 14 X 8 mm., lamina 130 X 2 
mm. 

The life-form for the most part accords with the habitat. In 
forests it is arborescent with long leaves ; in bogs and exposed alpine 
localities it is a shrub with short leaves. The flowers arc larger in 
the forest forms. 

(3) Short-leaved form from alpine and swampy localities. 
Leaves short, narrow. Racemes erect, clustered. Leaf from Mount 
Rochfort — sheath 5 mm., lamina 40 X 1-5 nim. Similar [orms come 
from Eweburn Creek, Upper Hawera, Mount Arthur Plateau and 
swamps near Lake Manapouri. (Pig. 7b.) 

Hybrids. — D. longifolium freely crosses with several species with 
which it comes in contact. It produces hybrids with D. scoyarium 
on Campbell Island (X insulare) ; with Z>. rosmarinifolium 
throughout the South Island (X D. acicularifolium) and with D. 
rccurvum in the North Island (X D. varium). 

Distribution . — ^Prom the East Cape district southward to Camp- 
bell Island. (Specimens examined) — Awatere River, Mount Hiku- 
rangi, Ruahine Range, Mount Marchant, Dun Mountain, Mount 
Arthur, Buckland Peaks, Mount Rochfort, Wangapeka, Kellys Hill, 
Arthurs Pass, Hooker Valley, Eweburn Creek, Upper Hawea, Mount 
Peel, Lake Harris, Tapanui, Swampy Hill, Stewart Island, Auckland 
Islands, Campbell Island. 

Dracophyllum AdamBu Petrie. (Pig. 12.) 

Dracophyllum Adamsii Petrie Trans. N.Z. Inst 55, 435, 1924 
(Awatere River). 

Characters . — This species is at once recognized by the narrow, 
thin, flat leaves and slender racemes with short acute sepals ciliate 
to the tips and with early deciduous bracts. The racemes with 
deciduous bracts and the narrow flat leaves ally it to D, longifolium^ 
but the leaves are much thinner than in that species and do not stand 
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up so stiffly; the flowers are smaller, and have short, broad, acute, 
thin sepals, ciliate along the margins to the tipe. The ultimate 
branches are very slender and each terminates in a raceme subtended 
by a cluster of leaves. Leaf sheath with hyaline margins, truncated 
distally. Leaf sheath 8X5 mm., lamina 65 X 2.5 mm. Raceme 
30 mm., sepals 4 mm. 

Distribution, — ^Kennedy Bay, Inland from Opotiki, Awatere 
River (Waiapu County). 

X Dracophyllum acicularifolium (Cheesem.). (Fig. 13.) 

(Z>. rosmarinifolium X D, longifolium.) 

Dracophyllum uniflorum var. acicularifolium Cheeseman, Man, 
N,Z, FL, 427, 1906. />. acicularifolium Cockayne, Rep, 

Scenery Pres, Soc, 4, 1915. 

This identification is based on the result of a comparison of the 
specimens arranged under D, acicularifolium in the Cheeseman and 
Petrie herbaria, with a series of hybrids between D, rosmarinifolium 
and D, longifolium from Arthurs Pass. Only those specimens with 
narrow leaves agreeing with those on which Cheeseman 's diagnosis 
was based are in doubt, but one of the specimens from Arthurs Pass 
exactly matches a specimen from Castle Hill in the Cheeseman 
herbarium. This specimen may be taken as the type of Cheeseman 's 
acicularifolium as it cori'esponds to his description and comes from 
near the only locality definitely named by him, namely, the Broken 
River Basin. 

Characters, — The prevalent form of this hybrid is that which 
has solitary flowers like those of D, rosmarinifolium and leaves inter- 
mediate between those of D. rosmarinifolium and D, longifolium. In 
specimens from Hooker Valley in Cheeseman ^s herbarium the leaves 
are 60 mm. long. At Arthurs Pass where D. rosmarinifolium and 
D, longifolium come together, hybrids are fairly frequent. They 
iriay be recognized by the fact that solitary flowers are borne on 
shrubs with leaves like those of D, longifolium, but shorter than 
would be expected in the habitat. Such plants sometimes possess 
both solitary and racemose flowers. Some of the hybrids have leaves 
as narrow as in D, rosmarinifolium but longer and these correspond 
with the description of Cheeseman ’s variety acicularifolium, A form 
which this hybrid sometimes takes is that in which the leaves are 
scarcely longer than in those of D. rosmarinifoUum, but the flowers 
are in racemes. Specimens answering to this description come from 
the Dun Mountain, the Routeburn Valley, the Longwood Range, and 
other places. 

Distribution, — Mountain districts in the South Island, New Zea- 
land. (Specimens examined). — ^Dun Mountain, Mount Arthur, Ben 
More, Mount Torlesse, Castle Hill, Arthurs Pass, Mount Peel, Hooker 
Valley, Baloon Mountain, Routeburn Valley, Longwood Range. 

X Dracophyllum insulare n. hybr. sp. 

{D, longifolium X scoparium,) 

Prutex; foliis angustis, subulatis, supra tomentosis, 35-50 mm. 
longis; racemis erectis, multifloris; sepalis pubescentibus ; bracteis 
caducis. 
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The existence of this form has been recognized by several botan- 
ists, hence it is necessary to quote the following references; — 

D. scoparivim Kirk, Rep, A,A,A.S, 3, 224, 1891 ; Cockayne 
Trans, N,Z, Inst, 36, 322, 1904 (not Hook. f.). 

Characters, — Leaf narrow, subulate, pubescent above ; sheath 
suddenly narrowed above but not auriclcd. Flowers in erect racemes 
with deciduous bracts; sepals pubescent within towards the tip. 
Leaf -sheath 9 mm., lamina 35-40 mm. long, 1.5 mm. wide. The pube- 
scence of the leaves and sepals is a character of D. scoparium but the 
leaves are longer and wider than in that species. The racemes with 
deciduous bracts is a character of D, longifoUum, and the influence 
of this species is seen in the width and length of the leaves. 

Possessing characters intermediate between D, longifoUum and 
D. scoparium, and growing in association with them, this plant is 
without aoubt a hybrid between them. 

Distn^bution, — Campbell Island. (Specimens examined include 
those collected by Kirk, Cockayne, and myself.) 

Subgenus Eudracophyllum Benth & Hook. 

EudracophyUum Benth & Hook. Oen, Plant, 2, 618, 1876. Type 
D, verticillatum Lab. 

Flowers in panicles. Sepals acute and, equal to the length of the 
corolla or obtuse and short. Panicles terminal or lateral. 

The only character common to the members of this subgenus is 
the panicled inflorescence. Different species-groups, however, show 
advance in structure in other organs. For instance the sepals 
become short and obtuse and there tore less like the foliage leaves of 
the primitive species, and the corolla becomes short and the stamens 
far exserted. Differentiation has especially taken place in the bracts 
which may be broad and short as in D. stricium or greatly elongated 
as in B. Milligani, In the group of D, secundum the fascicles of the 
panicle bear only a few flowers ; in the group of B, latifolium they are 
much branched producing a compound panicle. The largest trees 
are found in this group and the group of B, Milligani, 

This suljgenus is to be regarded as the most advanced in organ- 
ization in the genus. Its distribution is therefore of some interest. 
It ranges over the whole area occupied by the genus, but the greatest 
diversity in species occurs in New Caledonia and New Zealand. In 
each of these regions it is represented by seven species belonging to 
three groups of species. This accords with the theory already stated 
that the genus originated in the New Caledonian region from which 
centre the primitive forms have been pushed southwards towards 
Tasmania and New Zealand. 

Altogether the subgenus contains 18 species distributed as 
follows: — Tasmania 1, East Australia 2, New Caledonia 7, Lord Howe 
Island 1, New Zealand 7. 

Group of B. Menziesii, 

Panicles borne below the terminal clusters of leaves, compound, 
drooping. Corolla short, stamens exserted, sepals much shorter than 
the corolla-tube. Loaves large, broad. 
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D. fiordense has the largest leaves of all the species in the genus ; 
in D. Townsoni the leaves are long and narrow, in D. Menziesii they 
are broad and short. The group is not found north of Cook Strait. 
Z>. Townsowi occurs near the north-west coast. D, Menziesii is more 
generally distributed in mountainous regions from South Canterbury 
to Stewart Island, while D. fiordense is only known from south-west 
Otago. 


DracaphyUum Menziesii Hook. f. (Pig. 14.) 

Dracophyllum Menziesii Hook. f. FL Nov. Zel 1, 168, 1853. 

Chceseman Man. N.Z. FI. 703, 1925. 

Characters. — ^This species is to be distinguished from its allies 
by its low shrubby habit, crowded short and broad leaves, and rather 
large panicles borne on short branches below the leaves. An average- 
sized leaf measures 125 X 15 mm., a large specimen 170 X 17 mm. 

I have seen several specimens with terminal panicles, but in all 
cases the branches bearing them were thin, and in cases where there 
were two or more branches on the same stem it was evident that 
the main leafy axis had been lost. Evidently therefore these branches 
with terminal panicles are really lateral branches which have 
elongated after the death of the central stem, the leaves below the 
panicle sharing the increase in size. 

The bracts are short, broad, ovate, and suddenly contracted to 
a sharp point. On the small panicle-bearing branches every gradation 
can be found between bracts and leaves. The capsule is 5-7 valved. 

Distribution. — Otago and Stewart Island, from sea-level to 1,400 
m. altitude; also, according to Cheeseman, from the Ashburton 
Mountains in Canterbury. (Specimens examined) — Mountains above 
Lake Harris, Mount Bonpland, Routeburn Valley, Bold Peak, Hum- 
boldt Mountains, McKinnon Pass, Mount Barber, Lake Hauroko, 
Doubtful Sound, Dusky Sound, Mount Anglem (Stewart Island). 
(Recorded) — Ashburton Mountains, Mountains west of Lakes Waka- 
tipu and Te Anau, Preservation Inlet. 

Dracophyllum Townsoni Cheeseman. 

Dracophyllum Townsoni, Cheesem. Man. N.Z. FI. 420, 1906; 

2nd Ed. 702, 1925; III. N.Z. FI. pi. 130, 1914. 

Characters. — D. Townsoni agrees with D. Menziesii in its dense 
terminal clusters of serrulate leaves and lateral panicles. It differs, 
however, in the narrower and longer leaves, in the more compound 
panicles, and in the smaller flowers with proportionately larger 
corolla-lobes. Leaves 170 X H, 260 X 14 mm. Bracts broad, con- 
tracting suddenly into subulate tips. 

Distribution. — South-west Nelson and North Westland. (Speci- 
mens examined) — Mount Buckland. (Recorded) — Near Liverpool 
Coal Mine (Westland). 

Dracophyllum fiordense n. sp. (Fig. 15.) 

Prutex; caudicibus robustis hand ramosis; foliis latis, longis, 
canaliculatis, marginibus levibus, basis augustis, 60-70 cm. longis, 
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4-5 cm. latis; paniculis parvis, 12 cm. longis, multifloris, sepalis 
acutis, corolla parvo, antheris cxsertis, capsulis parvis, 2 mm. longis, 
2.5 mm. latis. 

This species has been known to Mr. W. A. Thomson of Dunedin, 
Mr. J. Speden of Gore, and others for some years past. It was 
collected by Dr. G. Einar Du Rietz and myself in company with Mr. 
Murrell, on Wilmot Saddle and Mount Barber in March 1927, when 
I obtained the fruiting specimen described below. There are flower- 
ing specimens in Cheeseman's herbarium from The Hump. (Recorded 
in Trans. N.Z, Inst, 52, 11, 1920, as Z>. Townsoni,) 

CharcLcters . — A shrub 1-2 m. tall with erect stout unbranched 
stems marked with circular ridge-like scars, 3-4 mm. apart, of the 
fallen leaves. Stem 35 mm. in diameter. The leaves are the largest 
of all the species of Dracophyllum and form an immense cluster at 
the top of the stem. They are very broad and taper gradually to 
an acuminate point which often curls into a spiral. The margins are 
flat and smooth; the base narrows instead of widening as is usual 
in the genus; both surfaces are finely and regularly grooved. A 
mature leaf measured, length 67, breadth near base 4.8 cm. 

Panicles on the stems at some distance below the leaves, 12 cm. 
long, curved, with a depressed rhachis giving rise to branches 2-2.5 
cm long bearing numerous small flowers. Sepals ovate acute, 2.5 
mm long ; corolla-tube equal to the length of the sepals, with recurved 
lobes as long as the tube; anthers exserted; pistil long. Capsule 
small, 2 mm. long, 2.5 mm. across. 

By virtue of its possessing panicles arising below the terminal 
cluster of leaves D, fiordense falls into the group of D, Menziesii. 
It differs from both I), Menziesn and D. Townsoni in its large leaves 
with smooth margins, and in its thick straight unbranched stems. 
The panicles are more branched than in J), Menziesn, but resemble 
those of D. Townsoni. The flowers are similar to those of Z>. Town- 
soni, The capsules are smaller than in both these species. 

Distribution. — South-west Otago in scrub on the mountains 
between 900-1,000 m. above sea level. (Specimens examined) — Wil- 
mot Pass and Mount Barber, The Hump. 

Group of D, secundum. 

Panicles terminal, with few flowers on their lateral branches. 
Corolla-tube long with anthers included (except in D, Thiehautii, 
according to its author). Leaves moderately broad and short. 

The species in this group may be arranged in three sub-groups. 

(1) Panicle dense, the lower branches bearing 5-9 flowers; 
leaves rather broad, shorter than the panicles — D, strictum, D. 
ramosum. 

(2) Panicle slender, the lower branches bearing 3-5 flowers; 
leaves rather narrow, shorter than the panicles — D, secundum, D. 
Vieillardii, D, amabile. 

(3) Panicle slender, the lower branches bearing 3 flowers; leaves 
narrow, exceeding the panicles — D, gracile, D. Thiehautii. 

Of the seven species assi^ed to this group, D. strictum occurs 
in New Zealand, D. secundum in New South Wales, and the remainder 
in New Caledonia. 
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Dracophyllum strictum Hook. f. (Fig. 16.) 

Dracophyllum strictum Hook. f. FI. Ant. 1, 48, 1844 (Tonga- 
riro). Chceseman Mam. N.Z. FI. 703, 1925. D. affine Hook, 
f. FI. Ant. 1, 48. 1844. D. Featonianitm Col. Trans. N.Z. 
Inst. 22, 477, 1890. D. imbricatum Col. l.c. 25, 331, 1893. 

Characters. — The distinctive features of I), strictum are the 
usually short broad leaves, glaucous below, the modei’ately-dense 
panicles with short secondary branches and the small flowers with 
short sepals. Adult leaves 85 X6, 55 X 7 mm., juvenile leaves 110 
X 11, 110 X 13 mm. Corolla 4-5 mm. This species bears a great 
resemblance to B. ramosum in its habit of branching, shape of leaf, 
and panicle with short branches, but it is smaller in all its parts 
and its sepals are proportionately shorter when compared with the 
corolla, also the bracts are apparently less leaf-like. 

Distribution. — From the Thames Firth to Ruapehu and Tara- 
wera; also in the north-western portion of the South Island. (Speci- 
mens examined) — ^Puriri, Okoroire, Tirau, Tamahere, Narrow's (Wai- 
kato), AVaiotapu, Ruapehu, Taupo, Mount Ilauhungatahi, Tarawera 
(Ilawkes Baj^), Whangaparoa, Mount Rochfort (Nelson). 

Dracophyllum ramosum Br. & Gris. (Fig. 17.) 

Dracophyllum ramosum Brongn. & Gris. Ann. Sci. Naf. Bot. 2,. 
156, 1864. 

Characters. — A noticeable feature in the life form of this species 
is that 3-6 branches may arise from nearly the same point This 
is also a characteristic of D. strictum. The leaves are straight, 
moderately broad, with expanded sheaths; length 85-125 mm., width 
11 mm. They decrease in size towards the inflorescence. The panicle 
is 10-20 cm. in length, with the flowers on short branches covered 
with white pubescence. There are 7-8 flowers on the lower branches. 
The sepals are as long as the corolla-tube, ribbed, acute, ciliate. 
Corolla-lobes short. This species has already been compared with 
D. strictum. It might also be compared with D. secundum, which it 
resembles in the acute sepals reaching to the top of the corolla-tube 
and in the long leaves and panicles; but in D. ramosum the leaves 
are much broader and the flowers of the panicle denser than in D. 
secvmdum. 

Distribution. — New Caledonia. (Specimens examined) — Baie du 
Sud, inland from Baie des Piroques, Mountains near Oatope.. 
(Recorded) — M’bee (type locality), Ngoye. 

Dracophyllum secundum (Poir) R. Br. 

Epacris secunda Poir. Encycl. Suppl. 2, p. 5S6, 1810-16. Prionotes' 
secunda Spreng, Syst, Veg. 1, p. 631, 1822. Dracophyllum 
secundum R. Br. Prodr. FI. Nov. Roll. 556, 1810. Benth 
FI. Austr. 4, 262, 1869. 

Characters. — The leaves are long and comparatively narrow, 
140 X 7, 80 X 6 mm. The panicle is long with large flowers on 
rather long slender pedicels, there being four on the lower branches.. 
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Sepals long, acuminate, as long as the corolla-tube. Corolla-lobes 
rather long, spreading. 

1 associate this species with I>. Vi&illardii rather than with D. 
ramosum on account of the characters of tlic panicle, especially the 
few flowers to each l)ranch. The sepals and corolla also agree except 
that in 7>. secundum the corolla-tube is glabrous. The leaves of D, 
.secundum are longer than they arc in I), Vieillardii, 

Distribution. — Eastern New South Wales. (Si)eeimens examined) 
— Oatlcy, Blue Mountains (Sieber's specimen). (Recorded) — Illa- 
warra. 


Dracophyllum Vieillardii Lenorm. 

Dracophyllum Vieillardii Lenorm. ex Guill. Ann, Mus. Col, Mar- 
seilles (2) 9, 181, 1911 (name only). 

Characters. — The leaves arc stiff, straight, tapering evenly to a 
blunt point. They are rather short, and decrease in size towards the 
inflorescence. Length 68 mm. (including sheath 13 mm.) width 6 
mm. The panicle is long and slender, 90 mm. long, each branch 
bearing three flowers, ^'pals equalling the corolla-tube, ribbed, 
ciliatc on the margins. Corolla-tube 6 mm. ciliate on the upper part 
below the lobes which are broad and obtuse. Anthers well included. 

D. Vieillardii is closely allied to Z>. amabile agreeing with it 
generally in the characters of the leaves and panicles, but in I). 
Vieillardii there are only three flowers to each branch of the panicle 
instead of '5 as in D. amabile and the corolla-tube is much longer. 
The stamens also do not reach so far up the corolla-tube as in D, 
amabile. 

Distribution. — New Caledonia. (Specimens examined) — Dombea 
(Coll. Vieillard). 

Dracophyllum amabile Br. & Gris. (Fig. 18.) 

Dracophyllum amabile Brongn. & Gris. Ann. Sci. Nat. Bot. 2, 157, 
1864 (Kanala.). 

Characters. — A slender species with rather small leaves and 
longer slender panicles. Leaves tapering to a hard blunt point, 
widening gradually below into the sheath, margins smooth. Length 
80 mm., breadth 6 mm. Panicle 120 mm. long, rhachis pubescent; 
generally five flowers on the lower branches. Flowers small, sepals 
ovate, acute, ciliate, 3 mm. long; corolla-tube 4 mm. long; stamens 
included. D. amabile differs from D. Vieillardi in the smaller flowers 
with proportionately shorter sepals and in the lower ])anicle branches 
bearing 5 flowers. 

Distribution, — New Caledonia, in arid scrub country. (Si)eci- 
mens examined)— Mountains de Kanala. 

Dracophyllum gracile Br. & Gris. 

Dracophyllum gracile Brongr, & Gris. Ann, Sci, Nat. Bot. 2, 156, 
1864 (not of R. Br.). 

The name gracile is retained for this species for precisely the 
same reason that squarrosum is reinstated for the New Zealand species 
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named Sinclairii by Cheoseman. The Western Australian species 
described under the name Dracophyllum gracile in Bentham^s Flora 
Australiensis was originally described by Poiret as Epacris gracilis 
and later transferred to Sphenotoma, in which genus it is now univer- 
sally placed. 

Characters, — The subacicular leaves, and panicles equal to or 
slightly longer than them, and with the rhachides and sepals ciliate, 
serve to distinguish this species from its allies. The leaves are almost 
acicular and are disposed in dense clusters at the tips of the branches ; 
length 50 mm. (including the sheath 7 mm.), width of sheath 4 mm., 
of lamina 1.5 mm. The leaf is brown, convex below, slightly hollowed 
a])ove, margins of lamina roughened, of sheath ciliate. Panicles 
short, only slightly projecting beyond the leaves, rhachis and pedicels 
pubescent. Flowers disposed in threes, twos, or singly. Scjials ovate, 
acute, red, ribbed, with ciliate margins. Stamens included in the 
corolla-tube. 

In its narrow Icavc's and few-flowered short panicles D. gracile 
comes nearest to D. Thicbauiii, It differs in the leaves being sub- 
aeicular, the panicle about equalling the leaves in length, and in 
being pubescent. 

Distribution. — New Caledonia, in scrub land. (SjKHumens 
examined) IIoajL (Recorded) — Arnaud (type locality), Ngoye. 

Dracophyllum Thiebautii Br. & Gris. 

Dracophyllum Thicbauiii Brongn. & Gris. Ann. Sci. Nat. Bot. 
3, 238, 1865 ((Arama). 

Characters. — This species is distinguished by its long narrow 
leaves, and short glabrous panicles with few flowers. It is a shrub 
1 m. tall. The leaves are very narrow, and end in solid sharp points, 
rnargi]! indistinctly serrated, sheath expanded, length 120 mm. 
(including sheath 9 mm.) width of lamina 4 mm. Panicle not nearly 
reaching to the end of the leaves; rhachis glabrous, flowers in fas- 
cicles of threes, or twos, or solitary. Sepals ovate, acuminate, 5 mm. 
long. I have seen no flowers, but Brongniart and Gris describe the 
stamens as exserted. D. Thiebautii is to be comj)ared only witli D. 
gracile, but the wider leaves and relatively short panicle at once 
distinguish it. 

Distribution. — New Caledonia. ( Specimen examined ) — Riodes 
Piroques, among rocks in the river (C. T. White). (Recorded) — 
Arama (type locality). 

Group of D. Milligani. 

Trees. Leaves long and broad. Panicle large, compound. Sei)al8 
acute, corolla long and narrow, anthers slightly exserted. 

This group is placed near the New Zealand group of D. latifolium 
because of its compound panicles, but it differs in its long narrow 
corolla-tube with the anthers not so far exserted. The species may 
be distinguished from one another by well-marked characters in the 
leaves and inflorescence, the shape of the bracts being especially 
distinctive. Geographically the four species included in the group 
are widely separated, being found in Tasmania, Queensland, New 
Caledonia, and Lord Howe Island respectively. 
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Dracophyllum Sayeri P. V. Muell. (Fig. 19.) 

Dracophylhm Sayeri F. V. Muell. Austr. Journ, Pharm, 1887. 
Bailey, Queensland FL 3, 942, 1900. 

Characters, — A tree 6-8 m. tall, the ‘'branches intricately spread- 
ing, forming an almost impenetrable mass’^ (Bailey). Leaves, #in 
clusters at the tips of the branches, tapering, drawn out into a g 
achminatc point. Length 38 cm., width 18 mm. Panicles shorter 
than the leaves, the branches bearing about 20 flowers. Bracts 
narrowed at both ends, length 85 mm. ; the distal ones with a broad 
base and a tapering lamina. Sepals acute, much shorten than the 
calyx. Corolla with long blunt-pointed lobes. Anthers exserted. 
Stigma club-shaped. Bailey states that the corolla may be either 
white with rose-coloured lobes, or entirely white. 

7). Sayeri differs from its allies in the shape of the bracts. It 
perhaps comes nearest to 7>. dracaenoidcs resembling this species in 
the panicle almut equalling the leaves, the short sepals and club- 
shaped stigma. 

Distribution. — Bcllendcn Ker Range, Queensland. 

Dracophyllum dracaenoidcs Schltr. 

Dracophyllum dracaenoidcs Schlechter, Engl, Bot, Jahr, 39, 220, 
1906. 

Characters, — This is the only species of Dracophyllum that I 
have not examined. Schlechter gives a good figure from which it is 
safe to say that it comes very close to D, Sayeri, with which it agrees 
in the panicle about equalling the leaves, the short sepals and club- 
shaped style. But it differs in being but a shrub and in the leaves 
being serrulate. According to Schlechter D, dracaenoidcs is a shrub 
2 m. tall, the leaves are 15-20 cm. long, and 7-10 mm. wide with 
serrulate margins. The sepals are 2 mm. and the corolla 4 mm. long ; 
the stamens are exserted and the style club-shaped. 

Distribution. — New Caledonia, mountains near Ou Hinna. 

Dracophyllum Milligazd Hook. f. (Fig. 20.) 

Dracophyllum Milligam Hook. f. Zc. PI, pi. 845, 1852. Bentham 
FI. Austr, 4, 262, 1869. Rodway Tas. FI. 126, 1903. 

Characters. — According to Rodway D. Milligani is an unbranched 
shrub reaching a height of 8 feet (2.5 m.) with leaves 2 feet (60 
cm.) in length. The only leaves I have seen have a broad sheathing 
base, from which they gradually narrow to a thick lamina ending in 
a long point which curls in dried specimens. The margins are 
finely crenulate. Length 20 em., width above sheath 10 mm. Panicle 
long (1^ feet (46 cm.) according to Bentham), the branches J^earing 
numerous flowers, rhachis ribbed, sparingly pubescent. Bracts with 
broad sheathing-bases suddenly contracted into long attenuated points 
which eurl at the tips, length up to 32 cm., width 6 mm. Sepals 
ovate, acute, equalling in len^h the corolla-tube; margins ciliate. 
Anthers exserted. Stigma capitate. 
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D. MiUigani seems to approach D. Fitzgeraldi more closely than 
any other. Noticeable diflEerences are the longer drawn-out tips to 
the leaves and bracts, the longer panicles, and the longer sepals in 
proportion to the corolla-tube. 

Distribution, — Tasmania. (Specimens examined) — ^Mount Zee- 
han. (Recorded) — ^Mount Sorrell, Mount La Perouse, Mount Read, 
* damson Peak, 

Dracophyllum Fitzgeraldi Moore & P. V. MuelL (Fig. 21.) 

Dracophyllum Fitzgeraldi Moore & P. V. Muell. Fragm. Phytogr. 
Austr. 7, 27, 1869. Oliver, Tracts, N.Z, Inst, 49, 146, 1917. 

Characters, — A large spreading tree with a trunk 50 cm. in 
diameter, covered with rough reddish-brown bark. Leaves gradually 
tapering and drawn out into a long acuminate tip, curling in dried 
specimens; gradually widening below to the sheath. Length 35 cm., 
width above the sheath 25 mm.; width of sheath 40 mm. Panicle 
shorter than the leaves ; the branches with broad bases, much branched 
and supporting numerous flowers. Sepals shorter than the tube of 
the corolla, ovate, acute, with ciliate margins. Anthers exserted. 
Stigma capitate. Bracts broadly ovate suddenly narrowed into 
short acuminate tip. 

D, Fitzgeraldi resembles D, MilUgam in many respects l)Ut is 
larger and has shorter panicles and bracts. It might be compared 
with D, dracaenoides, but the panicle is more branched, the stigma 
capitate instead of club-shaped, and the sepals much longer. 

Distribution, — ^Lord Howe Island. 

Group of D, latifolium. 

Trees. Leaves long and broad. Panicle compound. Sepals 
obtuse short; corolla short, stamens exserted. 

This group is allied to that of D, MiUigani, but the short sepals, 
short wide corolla, and far-exserted stamens separate it as a group 
which has advanced further from the primitive group of D, minimum. 
The four species included are closely allied. Two have slender 
panicles and leaves little expanded below — D. latifolium, D, MaU 
thewsii; the other two have stout panicles and leaves with broad 
sheaths — D, recurvatum, D, Traversii, All the species are. confined 
to New Zealand, one being found in the South Island {D, Traversii), 
and the three others in the North Island. 

Dracophyllum latifolium A. Gunn. 

DracophyUum latifolium A. Gunn. Ann, Nat, Hist, 2, 48, 1838. 
Gheeseman Man, N,Z, FI, 701, 1925 ; III, N,Z, FI, part text 
oifly, 1914. 

Characters, — ^A tree 5-7 m. tall with rough bark. Leaves long, 
wide, gradually tapering, slightly expanded below, length to 535 
mm., width 23 mm., more commonly about 400 mm. long. Panicle 
slender, erect, branches arising at an acute angle. Flowers reddish. 
Capsul^ 2.5 mm. across on pedicels ^2.5 mm. long.' 
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The characters used in this description are those which are 
useful in contrasting it witli 2 >. Matthewsii from which it differs in 
its larger leaves, larger erect panicle, and reddish flowers. The 
flowering season too is later, being from December to January. 

Distribution, — North Island from Waikaremoana northwards. 
(Specimens examined) Fairburn, Tutamoe, Great Omaha, Te Whaiti, 
Titirangi, Waikaremoana, Mount Te Aroha, Kaihu Valley. 

Dracophyllum Matthefwsii Carse. 

Dracophyllum lahfolium var. Matihewsii Carse, Trans. N.Z. Inst, 
48, 238, 1916. 

D. Matthewsii Carse, l.c. 56, 86, 1926. 

D. latifolnm Checscm. (not A. Cunii.) Ill, N.Z. FI, pi. 129, 1914. 

Characters. — A shrub or small tree, 3-5 m. tall. Leaves short, 
thin, acuminate, slightly widening below, length 200-230 mm., width 
17-20 mm. Panicle slender, drooping, branches arising at an acute 
angle. Flowers purj)lish, red to black. Capsules small, 2 mm. aci'oss, 
on ])edicels 1 5 mm. long. The small size, small decurved panicles, 
purple flowers, and small fruit distinguish this species from D. lati- 
fohum. It flowers during September and October. 

Distribution. — ^North Auckland. ( Specimens examined ) — Puke- 
poto, Maungatanipha, and Peria (Mangonui County). Little Barrier 
Island, Whangarei, Thames, Taumatamahoe Range. 

Dracophyllum Traversii Hook. f. (Fig. 22.) 

Dracophyllum Traversii Hook. f. Ilandb. N.Z. FI. 736, 1867. 
Cheeseman, Man. N.Z. FI. 702, 1925. 

Characters. — A tree 10-13 m. tall. Bark smooth, brown. Leaves 
long, with a broad base suddenly narrowing to the lamina which 
tapers gradually and is drawn out into a long narrow point. Length 
up to 62 cm., width above the sheath 28 mm. Panicle stout. Flowers 
large. Capsules large 3 mm. across on short pedicels. 

D. Traversii is closely allied to the North Island D. recurvatum. 
It may be distinguished by the leaves having fine, long, drawn-out 
tips, and the larger flowers and capsules. The branches of the panicle 
usually arise at a more acute angle. 

Distribution. — Western side of the South Island from Nelson to 
South Westland. (Specimens examined) — Mount Arthur Plateau, 
Rangi Taipo (Teremakau River), Arthurs Pass, Paringa River (S. 
Westland). (Recorded) — Upper Takaka, Paparoa Mountains, Papa- 
roa Range, Mount Glasgow, Mount Greenland, Franz Josef Glacier, 
Copland Pass, Jackson Bay, Haast River. 

' Dracophyllum recurvatum Col. (Fig. 23.) 

Dracophyllum recurvatum Col. Trans. N.Z. Inst. 21, 93, 1889 
(Lake Waikaremoana). 

This species was first described by Colenso, who clearly records 
its distinctive characters. Colenso ’s name has, however, been gener- 
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ally regarded as a synonym of D, latifoUum, and specimens in 
herbaria have been included with D. latifoUum, though Cheeseman 
in the first edition of the Manual notes that a state of 2). latifoUum 
found on high peaks in the Auckland district resembles D. Traversii. 
In 1926 I found this species high up on Mount Hikurangi and noted 
its distinctness from D. latifoUum by its stout panicles. Subsequently^ 
I recognized Colenso ’s D, recurvatum as being the same species. 

Characters . — A slender tree 10 m. tall, with smooth brown or 
grey bark. Leaves long, tapering, with a broad base gradually 
narrowing to the lamina, len^h 50-62 cm., width above sheath 26-30 
mm. Panicle stout. Capsules small, 2 mm. across, on short pedicels 
or sessile. Distinguished from D. Traversii by the more uniformly 
tapering leaves, and the smaller capsules (and presumably smaller 
flowers, which I have not seen). In the specimen from Mount Iliku- 
rangi the branches of the iianicle arise at almost a right angle. 

Distribution , — North Island from Mount Hikurangi and Lake 
AVaikaremoana northwards. (Specimens examined) — Little Barrier 
Island, Thames Goldfields, Mount Te Aroha, Mount Hikurangi. 
(Recorded) — Lake AVaikaremoana (type locality). 


Group of D. v(rticillatum. 

A shrub with long broad leaves and very long spike-like panicle 
bearing the flowers in clusters at close intervals. Corolla short; 
anthers exserted. This group differs from the other species groups 
of the subgenus E'udrocophyllum in the arrangement of the flowers 
on the rachis of the i)anicle coupled with the short open corolla. 
Each flower cluster occupies a third of the circumference of the 
rhachis and consists of 10-12, or fewer by fusion, small branches 
each branching again and bearing several flowers. This arrangement 
allies the group to the group of D. secundum, but the structure of 
the flower separates it as a more advanced group. The only species 
is the type of the genus Dracophyllum and eomes from New Cale- 
donia. 


Dracopkyllum verticillatum Lab. (Fig 24.) 

Dracophyllum verticillatum Labill, Voy. La. Per. 2, 211, jd. 40, 
1800. 

Characters . — “A very beautiful shrub, with the flowering spike 
about 5 feet high. Flowers white, buds tinged with pink. Slightly 
honey-scented'’ (C. T. AVhite, Queensland Herbarium). Leaves long, 
acuminate, drawn out into a long point; margins slightly serrated; 
base gradually expanded into a broad sheath ; length 46 cm. Panicle 
70 cm. Sepals broad, obtuse; corolla-tube broad, short, lobes 
recurved ; anthers exserted ; stigma club-shaped. Capsule pentagonal, 
hollowed above. 

Distribution . — ^New Caledonia, ‘‘Open exposed hillsides among 
scrubby vegetation" (C. T. AVhite). (Specimens examined) — Mount 
Mou Mou. (Recorded) — Balade, Pic Malaoni. 



714 


Transactions. 


Subgenus CordopJiylhm, n. subg. 

Kachis robustus, erectus; fioribus dense confertis verticillatis ; 
pendunculis 1 — ^floris bracteis imbrieatis ; tube coroUae augusto. 

Flowers in dense fascicles encircling at intervals a stout rachis, 
each flower on a separate peduncle clothed with bracts. Corolla 
‘narrow, anthers included. Type species Draco phyllum involucrednm 
Br. & Gris. 

The peculiar features about the species for which this subgenus 
is founded are the primitive flowers on a specialized inflorescence. 
Each flowering peduncle might be compared with a separate branch 
of such a species as D. minimmn but the spike-like inflorescence 
should be compared with that of D. verticillatum. Hence I propose 
for it a group equivalent to Oreothatmus and Eudrocophyllum. The 
single species, D. incolucratum, comes from New Caledonia. 


Draaophyllum involucratum Br. & Gris. (Fig. 25.) 

DracophyUum involucratum Brongn. & Gris. Ann. Sci. Nat. Bot. 

2, 157, 1864 (Yatc). 

Characters. — Leaves broad, gradually tapering from the base 
and extending into a long acuminate point; margins with remote 
minute teeth; length 30 cm., width above sheath 26 mm. Kachis 40 
cm., ribbed, densely tomentosc. Flowers in dense clusters surround- 
ing the rachis at regular intervals. Peduncles 10 mm. long, clothed 
with small imbricating ovate, acute eiliate bracts, and bearing a 
single terminal flower. Stamens included in the throat of the corolla ; 
stigma club-shaped. 

Distribution. — New Caledonia. The specimen which I examined 
was loaned by the Government Botanist of Queensland. (Locality 
not stated.) The type comes from mountains near Tate. 
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Vegetation of the Upper Bealey River Basin, 
with a List of the Species. 

By Egbert M. Laing, B.Sc., F.N.Z.Inst., 

AND 

W. B. B. Oliver, M.Sc., F.N.Z.Inst., Director, Dominion Museum, 

Wellinj^on, N.Z. 

[Read before the Philosophical Institute of Canterbury, April J^th, 1928; 
received by Editor, ith October, 1928; issued separately, 

2oth March, 1929J\ 

This paper proposes to give the names of the flowering plants and 
ferns collected in the Basin of the Bealey between the mouth of the 
Mingha and the Western Divide. It is strange that hitherto no coni' 
prehensive list of the plants of this area has been attempted. Many 
botanists have visited the district, and no portion of the Southern 
Alps is better known to visitors and tourists, many thousands of 
whom annually cross Arthurs Pass. The authors therefore desire to 
])rovide such with a reliable list of the species likely to lie met with, 
and to furnish a basis for the further study of the florula of the 
district. As much of the area is practically inaccessible the list can- 
not be complete, but it probably contains about ninety ])er cent, ol 
the species. A few records of plants not seen by the authors from 
the writings of earlier investigators have been included. 

Characteristics of the Flora. 

The Upper Mingha and many of the higher valleys and ridges 
have not been visited by us. The region is indeed inexhaustible, and 
though the vegetation at similar elevations is fairly uniform, there 
are doubtless a good many rare and local species that have not ,>et 
b(*en collected. For the present also, the more critical forms, some 
hybrids and novelties, are omitted. Some of the genera, particularly 
Celmisia, Olearia, Coriaria, Acaena, and possibly Epilohium, swarm 
with hybrids. 

A collection has been made including nearly all the species listed, 
and may be viewed at Arthurs Pass by those interested. It is hoped 
that thus some, who have only had a casual knowledge of the subject, 
may be roused to take an interest in the scientific side of it. Unfor- 
tunately at present the roadsides and neighbouring hills and streams 
are rapidly being despoiled of their characteristic vegetation by 
tourists who gather armfuls of the blossoms of Metrosideros, Ely- 
tranthe, Ranunculus Lyalli, Cehnisia, Senccio and of other genera, in 
many cases only to leave them to die by the roadside. If this depre- 
dation can be reduced by a fuller understanding of the beauty and 
uniqueness of our native flora, there may be some hope of preventing 
the harm that is being done at present to the plants on the sides of 
the main road over the pass and on the most travelled tracks. 
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Some remarks are here offered as to the general characteristics 
of the vegetation of the district. The florula is comparatively 
limited in si>ecies, no doubt for the following main reasons: — 

(1) High evaporation rate. 

(2) Lack of soil. 

(3) Low winter temperature. 

(4) Frequent heavy gales. 

(5) Prejudicial effect of beech forest on the germination of 
seedlings. 

A few remarks will be offered under each head: 

(1) High evaporation rate, — In spite of the huge rainfall, aver- 
aging about 180 inches in the year, the atmosphere is a dry one, and 
the plants are those of a comparatively dry area. This somewhat 
paradoxical fact is due to the effect of the mountain range on the 
moisture contained in the prevailing northwest wind. As the wind 
descends the Southern Alps it becomes warmer, and rises higher and 
higher in temperature above the dew point, so that finally the rate 
of eva])oration becomes extremely high. Unfortunately no records 
arc available to illustrate this, but there can be no doubt that in 
spite of the high precipitation the atmosphere is usually dry. The 
rainfall as recorded at the Arthurs Pass Railway Station from 1924- 

1927 is as follows: 1924, 160 in.; 1925, 201 in.; 1926, 205 in.; 1927, 
171 in. As a rule the rain, which comes mostly from the northwest, 
falls heavily and disappears (piickly. On one occasion 17 in. fell in 
twenty-four hours, but the very heavy rainfall does not preclude 
occasional periods of drought. Thus in January 1928 the rainfall 
was considerably under an inch, and for the first three months of 

1928 it was only 14 in. During January the vegetation was in many 
I)laces parched or even killed, and the rain of March and February 
fell in short })eriods of time. During the whole ])eriod the streams 
were unprecedentedly low. On the other hand, in the first three 
months of 1927, 58 in. of rain fell. An illustration of abnormal 
evaporation may b(' given. Mr. S. Page informs us that he has seen 
light rain falling from a low cloud at Arthurs Pass to within ten or 
twelve feet of the ground and then evaporating. This unusual 
l)henomenon was doubtless exceptional, but it, and the slow rusting 
of iron that is a])parent, obviously could only o(*cur with an excej)- 
tionally high rate of evaporation. The complete absence of miro, 
matai, rimu, and kamahi, and almost complete absence of rata, though 
all of these are abundant in the Otira Valley, are no doubt in part 
due to this cause. Similarly the larger and softer-leaved coprosmas 
and olearias are chiefly confined to the western side of the range, or 
the liigher valleys on the eastern side; e.g. Olearia Colensoi is almost 
entirely a plant of the west, Coprosma lucida is abundant in the Otira 
Valley, but so far only one plant has been found on the eastern side. 
Generally speaking the forest and sub-alpine scrub of the eastern side 
consists of small-leaved plants. 

(2) LaeJx of Soil, — As the hillsides and valleys are up to about 
4,000 ft. or 4,500 ft. everywhere covered with loose shingle, in places 
overlain by two or three inches of soil, the rain rapidly sinks through 
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below the surface-level, and much of it passes away in under-ground 
streams. The lack of soil tends to limitation of species, and the limit- 
ation of species tends in turn to lack of soil. It is only in flat places, 
therefore, which soon turn into bog, that the ground is always damp, 
though bog may also be found on hillsides near stream courses, near 
under-ground streams, or where there is no surface shingle. The 
result is that the vegetation of the hillsides is generally xerophytic. 
Such plants of dry districts as Exocarpus BidwiUii, Hebe Lycopo- 
divides, Discaria toumatou, are abundant in certain situations within 
the valley. Here and there on the river-valleys there is a compara- 
tively deep rich soil, no doubt formed in succession from some old 
sphagnum bog, but the steepness of the hills and the presence of 
boulders, angular rocks, and shingle slopes apparently prevent the 
accumulation of humus elsewhere. Another contributing factor is 
the almost complete absence of dust from the atmosphere, so that 
even the river-bed raoulias do not develop the thick cushions that 
they do in the lower plains, where the abundant dust blown before 
the noi*thwest wind-storms tends to build them up into ever higher 
and higher cushions. Raoulia australis and R. tenuicaulis here lie 
flat on the ground, though R. Haastii forms cushions up to 3 or 4 
inches in thickness. Where the river-bed is not subject to flood^, 
under the thin layer of humus may be found four or six inches of 
clay. Only in the older bogs or in soil consolidated from these bogs 
is there any depth of humus. 

(3) Low winter temperatures, — Another factor limiting the num- 
ber of species present is the extreme winter cold, due in part to 
altitude, in i)art to the fact that there are here narrow valleys shut 
in on all sides by mountain ridges, and in part to the proximity of 
high snow-covered mountain peaks. The area dealt with lies roughly 
between 2,200ft. altitude and 6,000 ft., the limit of vegetation, though 
several plants have been found at 7,000 ft. on Mount Rolleston. This, 
which is the dominating i)eak of the district, is roughly 7,400 ft. in 
height. Unfortunately again no figures are available for winter tem- 
peratures, though a minimum thermometer has now been placed in 
the district ; but there can be no doubt that in winter frosts the 
thtTinonieter falls to zero Fahrenheit. In the winter of 1925 snow 
fell to tht‘ depth of 2 ft. 6 ins. in the settlement (2,400 ft. elevation), 
and of 3 to 5 ft. in the col of the pass (3,000 ft. elevation). This 
was undoubtedly exceptional, for as a result a snow-field was formed 
in the head of the Bealey river, wliich as it slipped downwards bore 
away the Nothofagus forest, ti*ees being destroyed which had beeji 
growing from twenty-five to forty years. 

(4) Wind. — For about nine months in the year the area is sub- 
ject to strong, sometimes violent, gales from the northwest. Tlc' 
months of May, June and July, are usually fairly calm. The only 
other wind that is at all prevalent is the southwest er which alternates 
with the northwest; but probably there is only one day southwest 
for every three days of northwest wind. Of course the direction of 
the winds is largely controlled by the direction of the valleys, so 
that in Bealey valley the southwester of the plains is approximately 
southeast in direction. Though there is little evidence in stonn- 
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twisted 01 * brush-back trees, of the general direction of the wind, it 
is undoubtedly one of the factors in limiting forest growth ; and the 
jibsenec of forest from the sides of the hills at the top of the pas® is 
evidently in part due to the strength of the winds there. Usually 
the forest line lies between 4,000 and 4,500 ft.; but here it is only 
3,000 ft. The winds must of course immensely increase the rate of 
evaporation and so add to the dryness of atmosphere. 

(5) The effect of the Nothofagus forest on undergrowth. — It is 
well known that the Nothofagus forests are freer from undergrowth 
than any other type of New Zealand forest. In the lower Mingha 
valley the forest is nearly pure Nothofagus cliffortioides. In the 
Bealey proper there is a much greater intermixture of species. Where 
the dry hard beech-leaves fall and accumulate and there is a heavy 
canopy of lieech branches overhead, little undergrowth apparently 
can exist. The beech-leaves only slowly turn into humus, and no 
good seed-bed is formed. Though not so prejudicial to growth as 
pine needles, they seem to have a similar effect. O^ying to the ravages 
of man in the Bealey valley, and in more recent years to those of a 
bud-burrowing larva, the beech forest has suffered much, resulting 
in a greater and greater development of undergrowth. At present 
indeed insect larvae are doing much harm to many different species, 
those especially attacked are Nothofagus cliffortioides, Phylhcladus 
aJpinus, species of Coriaria and Ranunculus Lyallii. IJohcria gla- 
hrata is also subject to pests, but comes up in large quantities where 
the beech has been cut down. It is not intended to discuss the 
problems of succession here, but merely to indicate that the forest 
is by no means stable. Obviously under conditions such as those 
described, the ordinai*y coastal vegetation of such an area as Banks 
Peninsula cannot exist, and consequently we find that the forest 
trees and shrubs of the coastal area are for the most part absent 
here. Thus tree-ferns are iinrepresented except by the low-growing 
Ahophila Colensoi, and only three species of filmy fern have so far 
been discovered, though many species are abundant at Otira. 
Hidycarifd, Carpodetus, Piiiosporum eugenioides, species of SopJiora, 
Pennayitia conjmbosa, Melicytus ramiflorus, Hoheria angustifolia, 
Plagianthus hituUnus, Schefflera digitaia, NotJiopanax arboreum, Vind 
other common trees and shrubs of the coastal area are missing here. 
Indeed the only conspicuous forest trees of Banks Peninsula 
to be found in the Bealey watershed are Griselinia littoralis, Aristo- 
ieha serrata (chiefiy in sheltered gullies), and Fuchsia excorticata. 
The two latter no doubt owe their presence to the fact that one is 
partly and the other totally deciduous in winter. Of course these 
differences in the lowland and sub-alpine forests are known to all 
observers, but we think it well to call special attention to them in 
order to emphasize the existence of the conditions that we are dealing 
with. Mention should also be made of the almost total absence of 
lianes and phanerogamic epiphytes; Clematis indivisa for example 
occurs in the Otira Gorge but not in the upper Bealey Valley; Mueh^ 
Icnbeckia australis is also absent, and the only lianes or scramblers 
common are two species of Rubus. There arc also so far as noted no 
flowering epiphytes here, the forest in consequence having none of 
that sub-tropical appearance so frequently noted in the New Zealand 
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tush. The absence of liancs and epiphytes, which are mostly plants 
of warmer regions, is doubtless due to the low winter temperature. 
However, the total number of species present is apparently somewhat 
higher than in the Mt. Cook region, where the flora has been listed 
by Professor A. Wall. There the higher mountains and the absence 
of a low pass probably account for the smaller number of species. 

One other point already referred to in these introductory notes 
should be further emphasized, and that is the remarkable contrast in 
the vegetation of the eastern and western sides of the range ; of this 
we can give no complete explanation, nor do we propose to consider 
it at length here, but the least observant cannot fail to notice the 
comparative richness of the Otira plant life compared with that in 
Arthurs Pass. The township of Otira is some 1,250 ft. lower than 
the Arthurs Pass settlement, very much warmer, has doubtless a 
much moister atmosphere and a richer soil, and to these conditions 
much of the greater wealth of species must be due ; but f urtlr r 
explanations are probably needed to account for the absence of cer- 
tain speeies fromjthe colder area. These, however, can only be dealt 
with when the vegetation of the western side of the range is more 
fully known. 


The Plant Formations. 

The vegetative covering of the Bealey Valle\ basin includes a 
fairly representative sample of the sub-alpine and alpine plant- 
formations of New Zealand. The series extends from mountain 
beech-forest through bog, scrub and tussock to fell-field at the upp^r 
limit of vegetation. In the list of species appended to this paper the 
main plant-formations in which each is found is given in a general 
way. What these formations consist of will now briefly be indicated. 

Forest. — Forest covers the mountain sides up to an altitude of 
about 4,500 ft. except in the pass itself where it is quite absent. Its 
limits correspond precisely to the area exposed to the full force of 
the northwest wind. The dominant tree, and for the most part the 
only tall tree in the forest, is the mountain beech, Nothofagus cliff or-- 
tioides. Rarely is a tree of the pahautca, Liboccdrus Bidinllii, met 
with. Other trees present, such as Nothopanax simplex and Griselinia 
liitoralis Delong to a lower tier of foliage. The undergrowth, consist- 
ing of shrubs with a few ferns and herbaceous plants, is not dense 
except in places where a valley bottom somewhat permits the soil to 
retain its water. 

A subassociation of the forest is that formed where Dacrydiiim 
biforme mixes with the stunted trees of the beech. This occurs in 
situations unfavourable to tree-growth, namely in boggy ground and 
on exposed ridges. 

Scrub. — Three distinct scrub-formations are present in the Bealey 
Basin. On the river bed is Disca^^m scrub, but only a fragment is 
left, and of this the original species are almost all exterminated except 
the Discaria and a Coprosma. In the forest-belt on exposed ridges is 
a low scrub in which the principal members are Leptospermum 
scoparium and Exocarpus Bidwillii. Above the forest -belt is sub- 
alpine scrub, in which species of Dracophyllum, PJiyllocladus, and 
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various composite shrubs play a conspicuous part. Several associa- 
tions can be defined. 

Tussock. — In situations inimical to shrub-growth either on 
account of exposure, or of deficient drainage, tussock-formation 
occurs. Danthonia Kaoulii is dominant over most of the area, but 
along the higher levels Z). crassiuscula is the principal species. 

Bog occurs on all fairly level stretches of land either in the 
forest zone or above it. Its dominant life-forms are cushion-plants, 
of which Donatia novae-zealandiae and Gaimardia setacea are perhaps 
the most conspicuous. 

Cushion-plant associations other than bog include the shingle-bed 
of the Bealey River, in which species of Raoidia are most conspicuous, 
and some open associations above the scrub-line. These alpine cushion- 
plant associations arc generally situated on seepage-slopes, and hence 
the habitat differs from that of bogs in being well drained. Phyilachne 
cliivigera and Anisotome imhricata are the dominant species. 

Meadow. — The alpine meadows are among th^ most wonderful 
sights to be seen on the mountains. They border streams at altitudes 
of from 3,000 to 5,000 ft. The dominant plants are showy species of 
Senecio {S. Lyallii and S. .scorzoneroidcs) and Ranunculus Lyallii. 

Fell-field. — Under this term is included the open rocky portions 
of the mountain from about .5,000 ft. to the upper limit of vegetation. 
The plants occur in clumps or singly in crevices among the rocks. 
They include cushion-plants like Hectorella and Pijgmea, herbs like, 
Senecio scorzoneroides, and shingle-plants like Hehe HaasUi. 

Shingle-slips are common on the mountains but only a few true 
shingle-slip plants are present. Ilaasiia Sinclairii is the most common 
shingle plant. These slips, however, are not so much consolidated 
as in the mountains to the eastw^ard, and are composed of larger and 
perhaps more angular fragments. 

Reed swamp is characterized by the presetice of si)ecies oL* Carex, 
Ileleocharis and J uncus. It occurs on the Bealey river bed where 
Ilelcochans acuta is common, and within the forest-zone where Car ex 
iernaria is the most prominent species. 

Water formations occur by streams in the main river-bed and 
on the mountains. Two formations at least may be distinguished, one 
in which Polamogeton and Myriophyllum occur, and another with 
Moniia and Epilohium macropus as the most conspicuous members. 


List of Species of Pteridopuytes and Spermophytes. 

* Species not observed by the authors. 

Lycopodiaceae. 

Lycopodium Selago Linn. Scrub. 

L. novae-zealandicum Col. Forest. 

Wo hiue tiiveu ihif- form the rank of species as it appears to us to be 
as much entitled to it as is L. varium. It is possible that the three forms — 
BillarUwrx, vanim, and novae-zealandtcinn are but habitat forms of one 
polymorphic species. In any case we consider them each of equal status. 

L. fasiigiaium R. Br. Bog. tussock. 

L. scariosum Forst. . Forest. 
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HyMENOPHYIjLACEAE. 

HymenopJiyllvm flabellatum Lab. Forest. 

H. villosum CoL Forest. 

H. multifidum (Forst.) Sw. Forest, scrub. 

Gleicheniaceae. 

GlcicJienia dicar pa R. Br. var. alpina (R. Br.) Hook. f. 

Bog. 

G. Cunninghamii Reward. Forest on ridge. 

Osmundaceae. 

Leptopteris superha (Col) Presl. Forest. 

Schizaeaceae. 

Sehizaea fistvlosa Lab. Bog. 

( 'yatheaceae. 

Alsophila Colensoi Hook. f. Forest. 

POLYPODI acea e. 

Cyst opt eris fragilis Bernh. Forest. 

Pohjstichum vestituni (Sw) Presl. Forest, scrub. 

P. cystotegiiim (Hook) J. B. Shingle slips. 

Araistr. 

Asplenium Richardi Hook. f. Forest. 

A. trich(mianes Linn. Forest (Halpins Creek). 

Blcchnum {Lomaria) procerum Forest. 

(Forst.) 

B. (L) fluviatile (R. Br.) Salom. Forest. 

B. (L) penna-marina (Poir.) Kuhn. Forest. 

B. (L) lanceolaUwi (Spreng.) By side of creek in forest. 
Sturm. 

B. (L) vulcanicum (Blume) Kuhn. Forest. 

Ilypolcpis millefolium Hook. f. Forest. 

Ilistioptcris incisa (Thunb.) J. Sm. In second-growth forest and 

scrub. 

Pt iridium esculentum (Forst.) Forest on ridge. 

Ckne. 

Pacsia scaherula (A. Rich) Kuhn. Forest on ridge. 

Polypodium Billardieri (Willd.) Forest. 

C. Chr. 

P. pumilum (Armstr.) Ckne. Cushion plant formation. 

PiNACEAE. 

Libocedrus Bidwillii Hook. f. Forest. 

Podocarpaceae. 

Podocarpus Hallii Kirk. Forest. 

P. nivalis Hook. Forest, scrub, tussock. 

P. Hallii X nivalis Forest. 

Bacrydium biforme (Hook) Pilg. Bog and dry forests. 

D. laxifolium Hook. f. Bog, scrub. 

Phyllooladus alpinus Hook. f. Scrub. 



722 


Transactions. 


Naiadaceae. 

Potaimgeton Cheesmanii Benn. Water in river-l/ed. 

Gramineae. 

Hierochloe redolens R. Br. Forest, scrub. 

Ehrharta Colensoi Hook. f. Shingle slips, tussock. 


DeyeuxiaForsteri (Roem etSchult) 
Kunth. 

Agrostis suhulata Hook. f. 

A. Dyeri Petrie. 

^DescJiampsia Chapmani Petrie. 
TriseUm YoungU Hook. f. 
Danthonia Raovlii Stcud. 

D. flavcscens. Hook. f. 

2>. crassiuscvla Kirk. 

D. oreophila Petrie. 

D. pilosa R. Br. 

D. Cunninghnmii Hook. f. 

Foa Lindsay i Hook. f. 

P. novae-zealandiae Hack. 


P, Colensoi Hook. f. 

var. hrcviligulata Potrie. 

P. Cockayneana Petrie. 

Fesinca novac-zcalandiiae (Hack) 
Ckne. 

*AgropyTum arista i um ( Petrie ) 

( 'lieesm. 


Forest. 

Fellfield, Senecio meadow. 
Tussock. 

(Recorded by Checseman). 
Tussock. 

Tussock. 

Forest, tussock, swamp. 

Tussock. 

Forest, tussock, fellfield. 
Tussock. 

Forest edge. 

River-bed. 

Forest, fellfield. 

Mt. Rolleston, 7,000 ft. (Miss 
B. Washbourn). 

Scrub, tussock, fellfield. 

Scrub. 

Tussock. 

(Recorded by Cheeseman). 


( ^YPERACE.\E. 


llelcocliaris acuta R. Br. 
Scirpus cemuus Vahl. 

Carpha alpina R. Br. 
Schoenus paucifloras Hook. f. 

Oroeobolus strictus Bcrggr. 

.0. pumilio R. Br, 

0. pectinatus Hook. f. 

JIncinia compacta R. Br. 

V. caespitosa Boott. 

11. filiformui Boott. 

Z7. riparia R. Br. 

TJ uncinata (L) Kukenth. 


Swamp in river-bed. 

Ranunculus meadow. 

Bog. 

Forest, bog, Scnecio meadow', 
tussock. 

Bog. 

Bog, tussock. 

Bog. 

River-bed. 

Forest, scrub. 

Forest. 

Forest. 

Forest. 


We have accepted uncinata as the correct specific name, as was done 
by Kukenthal, because we consider that the name uncinata is sufficiently 
distinct from Uncima. Furthermore it is probable that article 55 of the 
International Rules will be amended at the Botanical Congress of 1930. 


Z7. leptostachya Raoul. Forest. 

Car ex pyrenaica Wahl. Tussock. 

C. virgata Sol. Swamp. 

C. stellulata Good. Bog. 
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C. leporim Linn. 

C. ternaria Fufst. 

*(7. Berggreni Petrie 
C. inversa R. Br. 

C. acicularis Boott. 

C. dissita Sol. var. monticola Knk. 
C. lagopina Wahl. 

C. Buchamani Bcrggr. 

C. Sinclairii Boott. 


River-bed, swamp. 

Swamp. 

(Recorded by Cheeseman). 
River-bed. 

Cushion plant formation. 
Swamp, river-bed. 

Senceio meadow. 

Scrub. 

Swamp. 


Centrolepidaceae. 

Gaimardia setacea Hook. f. Boj?. 

G. ciliata Hook. f. Bo^. 

JUNCACEAE. 


Rostkovia (Marsippospermum ) 
gracilis Hook. f. 

J uncus polyanthemos Buchen. 

J. lampocarpus Ehr. 

J. tenuis Willd. 

J, novae Zealand ikie Hook. f. 
Luzula Colensoi Hook. f. 

L. pumila Hook. f. 

L. campestris D.C. var. Petriana 
Buchen. 

L. campestris B.C. var. picta (A. 

Rich) Hook. f. 

L. leptophylla Buchen. 


Cushion plant formation, and 
fellfield. 

Swamp. 

Swamp. 

Swamp. 

Bo^, swamp. 

Cushion plant formation. 
Cushion plant formation. 

Scrub, tussock, river-bed, Sene- 
cio meadow. 

Forest. 

River-bed. 


LmiACEAE. 


Enargea parviftora (Kunth.) Skott. 

Astelia Cockaynei Cheesem. 

A. Petriei Ckne. 

A, linearis Hook. f. 

Pliorntium Colensoi Hook. f. 


Forest (Halpins Creek) 
near top of pass. 
Forest, scrub. 

Fellfield, tussock. 

Bo^. 

Scrub. 


and 


Orchidaceae. 


Prasopliyllum Colensoi Hook. f. 
PterostijUs areoUta Petrie. 

P. Oliveri Petrie. 

Lyperanfhus antnrcticus Hook. f. 
Caladenia hifolia Hook, f.* 

C. Lyalin Ho6k. f. 

Corysanthes rotundifolia Hook, f. 
C. triloba Hook. f. 

Tkelymitra uniflora Hook. f. 
Gastrodia Cunninghamii Hook. f. 
Chiloglottis cornuta Hook, f. 


Bog:, forest. 

Forest. 

Forest. 

Bog. 

Bog, forest. 

Forest. 

Forest. 

Scrub (Blimit Peak) 
Forest. 

Damp rock in forest. 


Pagaceae. 

Notkofagus cUffortioides (Hook, f.) Forest. 

.-i^Oerst. 

Santalaceae. 

Exocarpus Bidmllii Hook. f. Scrub in forest belt. 
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Loranthaceae. 

Elytranthe fetrapetala (Forst.) Forest, on Nothofagus cliilorti- 
Eng]. oidcs and in one case on 

DraeophylJum longifolium. 

E. flnvida (Hook, f.) Engl. Forest, on N. cliffortioides. 

POLYGONACEAE. 

Bumcx flexuosus Sol. Wet ground in river-bed, and 

bog on pass. 

Mucliknheckia axillaris Walp. River-bed, forest. 

PORTULACACEAE. 

Claijtoniu australawa Hook. f. Shingle slip, Senecio meadow, 

cushion plant formation. 

Montia foniana Linn. Running water. 

( ^ARYOPH \ LLAOEAE. 

j!<tellaria gracilcnta Hook f. River-bed. 

Stellarin parviflora. Banks et Sol. Forest, 
ex Hook. f. 

Colohanihus crassifolius Hook. f. Senecio meadow, 
r. acicularis Hook. f. (^ushion plant formation. 

Some of the specimens collected possess five sepals, others four sepals. 
Whether the number of sepals is variable in this species or the specimens 
with four sepals should be referred to C. monticola Petrie we leave for 
future investigation. 

liccforclla caespitosa Hook. f. Fellfield. 


R \ NUNCULA CEAE. 

Clematis amtralis Kirk. 


lianunculus Lyallii Hook. f. 

R. Lyallii var. Traversii (Hook. 

f.) Cheeseinan. 

R. scricophyllus Hook. f. 

R. hirtiis Forst. 

R, rivularis Forst. 

R. foJiosus Kirk. 

R, fenuicaulis Cheesem. 

Calilia obUisa Cheesem. 


Scrub, here only a scrambling 
plant. 

Scrub, tussock, Senecio meadow. 
(Upper end of Rough Creek). 

Fellfield, Mt. Rolleston, 7000 ft. 

(Miss E. Washboum). 

Wet ground. 

Swamp. 

Senecio meadow. 

Sub-alpine scrub. 

Senecio meadow. 


Cruciferae. 

Card amine hcteropJiylla (Forst.) Forest. 

0. E. Schulz. 

C. hcferophylla var. uniflora Hook. Senecio meadow, 

f. 

Droseraceae. 

Drosera Arcturi Hook. Bog. 

D. spafhulata Lab. Bog. 

D, stenopeiala Hook. f. Bog. 

PiTTOSPORACEAE. 

PiffosporuM tenui folium Banks & Forest. (Halpins Creek). 
Sol. 

P. divaricatum Ckne. 


Forest. 
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Rosaceae. 

Rub us australis Forst. Forest. 

R, schmidelioides A. Cunn. var. Forest. 
coloratus Kirk. 

Geum parviflorum Sm. Forest, Seiieeio meadow. 

G. uniflorum Buch. Cushion plant formation. 

Acaena microphylla Hook. f. var. Forest edge. 
inermis Kirk. 

A. Sanguisorhae Vahl var. pilosa Forest edge. 

T. Kirk. 

A. microphylla X sanguisorhae. Forest edge. 

A. saccaticupula Bitter. Scrub, forest. 

Potcntilla anserina Linn. var. 
anserinoides (Raoul) Cheesem. 

Lkguminosae. 

Carmichaclia uniflora Kirk. River bank by mouth of Gra- 

ham’s Creek, and mouth of 
Minglia. 

Geraniaceae. 

Geranium micropliyllum Hook. f. River-l)ed. 

G. s(ssiliflorum Cav. River-bed. 

Oxalidackae. 

Ojralis laciea HcK)k. Waterfall. 

CORIARACEAE. 

Coriariu snrmcntosa Forst. River-bed. 

(7. angusiissinui Hook. f. River-bed. 

C. saruKntom X angustissima River-bed. 

(C. lurida) 

Riiamnaceae. 

Discaria toumatou Raoul. Scrub on river-bed. 


E LAEOC ARP A CEAE. 

Arisfotelia serrata (Forst.) W. R. Forest. 

Oliv. 

A. frnticosa Hook. f. Forest, scrub. 

.1. serrata y, fruticosa {A. Colensoi) Forest. 


Malvaceae. 

Hoheria glahrata Sprague & Sum- Forest, scrub, 
merhayes. 


Viola CEAE. 


Hymenanthera alpina Kirk. Scrub. 

Viola Cunninghamii Hook. f. ^Tub. 

V. filieaidi.^ Hook. f. Forest. 


Thymeleaceae. 

Pimelea prostrata (Forst.) Willd. Scrub, river-bed. 
Drapeies Dieffenhachii Hook. Scrub, tussock. 
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Myrtaceae. 

Myrtus pednnculatus Hook. Foi’cst on ridge. 

Melrosideros umhellata Cav. Scrub in forest belt. 

Leptospermiim scoparinm Forst. Scrub in forest belt. 

Ongaoraceae. 


Fuchsia excorticata Linn. f. 
Epilobium erectum Petrie. 

E. pubens A. Eich. 

E. alsinoides A. Cunn. 

E. pcdunculare A. Cunn. 

E, gracilipes Kirk. 

E. crassum Hook. f. 

E. pycnostachyum Haussk. 

E. ruhromnrginatum Ckne. 

E. insular e Ilaussk. 

E, nummularifoliuyn R. Cunn. 
E. novaC'Zealandiae Haussk. 

E. mclanocaulon Hook. 

E. microphyllum A. Rich. 

E. ghbellum Forst. 

E, macropus Hook. 

E. pictum Petrie. 

E, chlorae folium Haussk. 


Forest. 

Forest. 

Forest. 

Forest, tussock. 

Tussock; rocky ground, 5000 ft. 
River-bed. 

Shingle slips. 

Shingle slips. 

Fellfield. 

Bog. 

Damp scrub and bog. 
(Specimens in Petrie Her« 
barium) . 

River-bed. 

River-bed. 

River-bed. 

River-bed, Senecio meadow. 
Scrub. 

Bog. 


Haloragidaceae. 


Haloragis depressa (A. Cunn.) 
Walp. 

Gunner a dent at a Kirk. 

G. prorepens Hook. f. 
Myriophyllum propinquum A. 
Cunn. 


River-bed. 

Forest. 

Swamp (McGraths Creek) 
In water on river-bed. 


Araliaceae. 

Notkopanax Colensoi (Hook, f.) Forest, scrub. 

Seem. 

N. simplex (Forst.) Seem. Forest. 

Pseudopanax lineare (Hook, f.) Forest. 

Laing & W. R. Oliv. n. Comb. 

{Panax Lineare Hook. f. FI. Nov. 

Zel. 1, 93, 1853). 

We consider this species on account of its life history, best placed in 
the genus Pseudopanax. 

P. crassifolium (Sol.) C. Koch. Forest, 
var. unifoliolatum T. Kirk. 

Umbelliperae. 

Hydrocotyle novae zealandia^ DC. Fellfield. 

Hydrocotyle sp. Forest. 

We are unable to refer this form which is fairly abundant to any 
described species and refrain from describing it as new, until the whole 
of the New Zealand species are revised. 
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SchizeUtema pallidum (Kirk) Swamp. 

Domin. 

8. Haastii (Hook) Domin. and var. Pellfield, forest, Senecio meadow. 
cynopetalum Domin. 

Oreomyrrhis andicola Endl. Senecio meadow. 

AcipJiylla crenulata J. B. Armstr. Scrub, tussock. 

A. similis Cheeseman. Tussock, forest. 

A. colensoi Hook. f. var. maxima Scrub, tussock. 

Kirk. 

Anisotome pilifera (Hook, f.) Pellfield, tussock, 
rknc. & Laing. 

A. Haastii (P. Muell.) Ckne. & Porest, scrub. 

Laing. 

A. pilifera X Haastii, 

A. aromatica Hook. f. Pellfield, tussock, scrub, forest. 

A, imhricata (Hook, f.) Ckne. Cushion plant formation. 
Angelica montana (Porst.) Ckne. Porest. 

CORNACEAE. 

Griselinia littoralis Raoul. Forest. 

Ericaceae. 

Gaultheria rupestris (Porst) R. Forest, scrub, tugsock. 

Br. 

G, antipoda Porst. Porest, scrub. 

G, depressa Hook. f. Cushion plant formation. 

Pernettya nana Col. By side of creek, 2,500 ft. 

Epacridaceae. 

Pentachondra pumila (Porst) R. Bog, scrub, tussock, forest. 

Br. 

Cyathodes pumila Hook. f. Bog. 

C. empetrifolia Hook. f. Porest. 

Leucopogon Fraseri A. Cunn. Scrub in forest zone, and river- 
bed. 

ArcKeria Traversii Hook. f. Porest. 

Dracophyllum Traversii Hook. f. Porest, scrub. 

D. longifolium (Porst) R. Br. Forest, scrub. 

D, rosmarinifolium (Porst) R. Br. Scrub, bog, forest. 

(= D. uniflorum Hook, f.) 

D, longifolhim X rosmarinifolium Scrub, tussock. 

(D. acicularifolium (Cheesem.) 

.Ckn.) 

D, Kirkii Berggr. Scrub. 

D, pronum W. R. Oliv. Pellfield, scrub, tussock. 

D. Kirkii X pronum (TD. saxi- Scrub, tussock. 
colum) 

Myrsinaceae. 

Suttonia divaricata (A. Cunn.) Porest, scrub. 

Hook. f. 

8. nummniaria Hook. f. 


Porest, bog, scrub. 



728 


Transactions, 


Oentianaceae. 


Gcntiana patula (Kirk) Cheesem. 
G, hellidifolia Hook f. 

G, hellidifolia Hook. f. 


Senecio meadow, scrub. 

Bog, tussock, Scnecio meadow, 
fellfield ; Mt. Rolleston, 
7,000 ft. ‘(A. Anderson). 
Near top of pass by wayside. 


Myosotis pygmaea Col. 
M. Forsteri Lehm. 

M. explanta Cheesem. 


Bor\ginace\e. 

Senecio meadow. 

Damp forest and scrub. 
Damp sub-alpine rocks. 


S(X)PI1ULARI \CEAE. 

Mazus radimns (Hook, f ) (^heesem. Forest. 

Hehe salicifolia (Forst.) Pennell. Forest edge. 
II. suhahnna (Ckne) Ckne & Scrub, forest. 


Allan. 

H. vernicosa (Hook, f.) Ckne & 
Allan. 

//. ciliolata (Hook, f.) Ckne & 
Allan. 

II. lijcopodioides (Hook, f.) (^kne 
& Allan. . 

H. Haastii (Hook, f ) Ckne & 
Allan var. macrocalyr (J. B. 
Armstr. ) . 

II. cpacridea (Hook, f.) Ckne & 
Allan. 

II. macrantlia (Hook, f.) Ckne 
Allan. 

II. bnxifolia (Benth) Ckno & 
Allan. 

II. hurifolia var. ixiuciramosu 
( 'kn. & Allan. 

Pygmaea pulvinaris Hook. f. 

Veronica Lyallii Hook. f. 

V. Bidwtllii Hook. 

T. linifolia Hook. f. 

Ourma macrocarpa Hook. f. var. 
calycina (Col) Ckne. 

O. Croshyi Ckne. 

O caesp^osa Hook. f. 

(h sessilifolia Hook. f. 

Euphrasia re valuta Hook, f 

E. Laingii Petrie. 

E. zealeindica Wettst. 

E. Cockayniana Petri(‘. 


Forest, tussock, se^ub. 

Tussock. 

Tussock. 

Fellfield ; Mt. Rolleston, 7,000 ft. 
(Miss E. Washbourn). 

Forest by creek. 

Scrub, tussock. 

Tussock, scrub, bog. 

Scnecio meadow. 

Frflfield. 

River-bed. 

River-bed. 

River-bed on wet rocks. 

Scrub. 

Forest. 

Seinib, creek bank in forest. 
Tussock ; Mt. Rolleston, 7,000 ft. 

(A. Anderson). 

Tussock. 

River-bed in forest. 

Bog. 

Bog 


Plantaginaceae. 

Plantago Brownn Rapin. Senecio meadow. 

P. lanigera Hook. f. Scrub. 

P . triandra Berrgi. Wet roadside and swamp. 
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Lentibulariaceak. 

Utricularia monanthos Hook. f. Bog. 

Rubiaceae. 


Coprosma serrulati Hook. f. 

C. lucida Forst. 

(7. rugosa Chccsem. 

C. hrnnnca (Kirk) Ckiu*. 

C. ranmlosa Petrie. 

C. linariifoUa Hook. f. 

C. pseudocuneata W. R. Oliv. incd 
(== C, cuneafa Auct. not Hook. 

C. crcnulata W. R. Oliv. 

(==r C. retusa Petrie. See Trans, 
N.Z. Inst., Vol. 49, p. 153, 
1917). 


C. parviflora Hook. f. 

C. propinqna A. Ounn. 

C. cilia (a Hook. f. 

C. foeiidissima Forst. 

€, dcpressa Ool. 

C. rcpens Hook. f. 

N erf era setulosa Hook. f. 
Aspernla pcrpnsilla Hook. f. 
iUilixmi umhrosiwi Sol. 


Forest, scrub. 

Forest (Halpins Creek). 
Forest, scrub. 

River-bed. 

Forest. 

Forest. 

Forest, scrub. 


Bog, bog forest. 


Forest, scrub. 

Forest. 

Forest, scrub. 

For(‘st . 

Scrub. 

Scrul). 

Rocks in forest. 

River-bed. 

Wet ground in river-bed. 


( 'ampanulaceak. 

Pralia angulata (Forst) Hook. f. Creek- bed in forest. 

P. macrodon Hook. f. Fellfield, tussock. 

Walilenbergia alhomarginata Hook. Tussock, river-bed. 

Stylidiaceae. 

Donatia novae zealandiae Hook. f. Bog. 

PhyUacIme Colensoi (Hook, f.) Cushion plant formation. 
Berggr. 

Forst era sc difolia Linn. f. Bog and rock. 

F. tcnella Hook. f. Forest. 


( 'OMPOSITAE. 


Lagenopliora petiolaia Hook. f. 
Brachycome Sinclairii Hook. f. 
Olearia Colensoi Hook. f. 

O. arhorescens (Forst) Ckne & 
Laing. 

0. Hid folia Hook. f. 

O. arhorescens X Hid folia {(). 
macrodonta) 

0. avicenniaefolia (Raoul) Hook. f. 
O. lacunosa Hook. f. 

O. lacunosa X iUdfolia. 

0. Haastii Hook. f. 

O. nummularifolm (Hook, f.) 
Celmisia Walker i Kirk. 


Forest, tussock. 

Tussock, scrub, Senecio meadow. 
Scrub. 

Forest. 

Scrub. 

Scrub. 

Foi’ost. 

Forest. 

Scrub. 

Forest by river. 

Foi'est, scrub. 

Tussock. 
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C. incana Hook. f. 

C. novae-zeaiandiae (Bucji) 
Cheesem. 

C, discolor Hook. f. 

C. coriacea Hook. f. 

C. Armsirongii Petrie. 

C. spectahilis Hook, f, 

C. petiolata Hook. f. 

(7. Haastii Hook. f. 

C. gracilenta Hook. f. 

C. alpina (Kirk) Cheesem. 

C, gracilenta X specfahilis. 

C. glandulosa Hook. f. 

C. bellMioides Hook. f. 

C. sessiliflora Hook. f. 

C, laricifolia Hook. f. 

C. linearis J. B. Armstr. 

Ilaastia Sinclairii Hook. f. 
Gnaphnlium luteo-album Linn. 
Baoulia subulafa Hook. f. 

7?. australis Raoul. 

R. Haastii Hook, f . 

R. tenuicaulis Hook. f. 

R. glabra Hook. f. 

R, grandiflora Hook. f. 
Helichrysum belUdioides (Porst) 

Wind. 

H, filicaule Hook. f. 

H. depressum (Hook, f.) Benth 
& Hook. f. 

H microphyllum (Hook, f.) Benth 
& Hook. f. 

Cassinia Vauvillicrsii (H. & J.) 
Hook. f. 

Craspedia uniflora Forst. 

Cotula pyrethrifolia Hook. f. 

(7. squalida Hook. f. 

Leucogenes grandiceps (Hook, f.) 
Beauv. 

Erechtites glabrescens Kirk. 
Abrofanella linearis Berggr. 
Senecio lagopus Raoul. 

S, belUdioides Hook. f. 

S. Lyullii Hook. f. 

S. scorzonerwdes Hook. 1 
S. Lyalin X scorzonerioides, 

8. elaeagnifolim Hook. f. 

8. BidurUW Hook. f. 

8. elaeagnifolius X Bidwillii, 
Micro seris sea pig era (Porst) 
Hoflfm. 

Taraxacum magellanicum Comm. 


Tussock, scrub. 

Forest, bog, tussock, scrub. 

Forest, tussock, bog. 

Scrub, tussock. 

Scrub, tussock, bog. 

Scrub, tussock. 

Scrub, tussock, Senecio meadow. 
Scrub, tussock, Senecio meadow. 
Swamp, forest. 

Bog. 

Forest. 

Bog. 

By creek in forest. 

Tussock. 

Pellfield, tussock. 

Bog. 

Shingle slips. 

By creek in forest. 

Pellfield. 

River-bed. 

River-bed. 

River-bed. 

River-bed. 

Pellfield, tussock. 

Senecio meadow, river-bed. 

By side of creek and dry forest. 
River-bed. 

Wet cliffs in forest. 

Forest, scrub. 

River-bed, scrub, Senecio mea- 
dow. 

Forest, tussock, fellfield. 

Forest. 

Pellfield, tussock, shingle slips. 

Forest. 

Pellfield. 

River-bed. 

Forest, bog, scrub. 

Senecio meadow, tussock. 
Tussock, 

Tussock, Senecio meadow. 

Forest, scrub. 

Scrub. 

Forest. 

Swamp, wet rocks. 

Fellfield. 
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Contributions for a Revision of the Crustacea 
Brachyura of New Zealand. 

By Chas. Chilton, M.A., D.Sc., F.N.Z.Inst., etc., and 
E. W. Bennett, M.Sc.* 

[Read before the Philosophical Institute of Canterbury, 1th November, 1928; 
received by the Editor, 5th December, 1928; issued separately, 

25th March, 1929.1i 

The authors of this paper intended to prepare a comprehensive 
monograph on the New Zealand Brachyura, but a severe limitation 
of the time available for the work has made it necessary for the 
results of the study to be presented in a much more fragmentary 
form. This will explain the unequal attention that has been paid to 
the various species, some of which have been studied in considerable 
detail, while others have been left aside altogether. We trust, how- 
ever, that the present contributions will facilitate the study of collec- 
tions in local museums and elsewhere, for such work would readily 
provide valuable data concerning several pressing problems and gaps 
in our knowledge. 

One of these problems concerns the many species whose occur- 
rence in the New Zealand Region is doubtful. Certain species are 
definitely known to have been wrongly recorded as coming from New 
Zealand waters, and others are under suspicion ; but it is difficult to 
demonstrate that a given species is not a member of the fauna, and 
a premature dismissal is liable to add to the difficulties and to lead 
to undesirable complications when such a species is subsequently 
found. For these reasons we have not indulged in such a wholesale 
purging of the list as would have been necessary in the more complete 
monograph which we originally intended to write. 

The material before us consists of some 330 jars and tubes of 
New Zealand Brachyura, in addition to a representative dried collec- 
tion and miscellaneous foreign specimens. Some of the material has 
already been reported upon by the senior author, particularly those 
of the expeditious to the Subantarctic Islands, to the Kermadecs, and 
along the cast coast in the ^ ‘ Nora Niven ' ^ ; the interesting fresh- 
water Ilymenosoma has been the subject of several memoirs; and 
MS. notes have been drawn up from the collections secured by the 
senior author for many years from all parts of New Zealand — partly 
from correspondents, and partly from personal collecting, especially 
during a ciniise in the Government steamer ‘‘Hinemoa^’' in 1914-1915, 
during the visit to New Zealand of Dr. Th. Mortensen, Zoologist of 
the Copenhagen Museum. The junior author has also personally col- 


♦The compilation of this paper is almost entirely the work of Mr. B. 
W. Bennett, the “junior author.” Owing to his appointment to a position 
in the Zoological Department of the University of Western Australia, Perth, 
it had to be completed in a very limited time and there has been little 
opportunity of discussing with him many of the points under consideration. 
— Chas. Chilton. 
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l(‘cte(l Braehyura for several ybars, particularly from the east coast 
ol‘ the South Island. The rest of the material consists of the collec- 
tions of the Canterbury Museum, including amongst other miscella- 
neous material a set of dried exhibit specimens named by Hutton, 
The whole of our collections, including some type specimens, has now 
been deposited in the Canterbury Museum. 

It will be seen that the material available includes collections 
from all parts of the New Zealand region except the Kermadec 
Islands,* and contains dredged as well as intertidal specimens. It is 
therefore fairly representative of the New Zealand Brachyurous 
fauna. But no collection is ever sufficiently complete, and we have, 
for example, not felt justified in excluding the doubtful species from 
the list because they are not represented in our collections. A com- 
parison of our findings on such genera as, for example, Cyclograpsns 
and Helice will show the necessity for cautiousness in this direction ; 
but the doubtful species in Hutton’s ‘‘ black list ” (sec below) may 
be regarded as having been given their last chance in the present 
paper, and if they are not recognised in the other collections in the 
country, particularly those from deeper water and less familiar dis- 
tricts, they may henceforth be rejected without compunction. 

A brief survey of previous work will starve to illusti’ate not only 
the progress of our knowledge, but also the reasons for the doubt that 
exists concerning so many s])ecies. Among the earliest writers who con- 
tributed reports on Braehyura, including those of New Zealand, are 
Milne-Edwards, who described the collections of Quoy and Gaimard ; 
Dana, who accom})anied the United States Exploring Expedition ; 
Jacquinot and Lucas, who described the Braehyura of the so-calb'd 
Voyage au Pole Sud’’; and Heller, the naturalist of the ‘‘Novara’^ 
expedition. These reports, written for old-world carcinologists rathm* 
than for New^ Zealand workers, were additions to the European litera- 
ture rath(M’ than monographs on the New Zealand crab-fauna, and 
local workers were greatly aided by the publication in 1876 of Miers’ 
Catalogue of the New Zealand Crustacea/* This is the only attempt 
that has yet ])een made to gather together what is known of the New 
Zealand Braehyura, or of the local (’rustacea in general. It contained 
definitions of all the species, genera, and higher groups known or 
thought to occur in this country; and it added a number of spechs 
to the list, including some which were new to science — the latter being 
first described in the Ann. Mag. Nat. Hist., ser. 4, vol. 17, 1876, and 
figured in the Catalogue. The absemee of figures of previously-known 
si)ecies detracted fi’om the completeness of the work to some extent, 
but a much more serious defect was the inclusion of a number of 
species which do not occur in our waters. The latter was no fault 
of Miers, who (as Hutton remarked) had to record all the species 
reported to have come from New Zealand; but the fault lay with 
those who had mixed the labels in so many cases, and who had pre- 
viously i)ublished incorrect records. The worst offender in the latter 
respect was Heller, whose locality-records are unreliable. 

This source of confusion was not expressly dealt with by Filhol 
in his report on the Mission de Vile Campbell; but this author based 

*The Braehyura of the Kermadec Islands have not been included as 
they are Australian rather than New Zealand. 
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his work on excellent material and so did not add to the confusion, 
though he listed all the species in the Catalogue without criticism. 
Pilhol’s material consisted of his personal collections and of a few 
specimens presented by local naturalists, and of those in the Paris 
Museum which had already been described by Milne-Edwards. A 
fine atlas of plates went far towards remedying what was felt to be 
a drawback in Miers’ Catalogue. 

A further source of confusion, too obvious to cause much real 
difficulty, has been the tendency of a few writers to identify our 
species with those of Europe, depending on the briefest descriptions. 

In a short paper published in 1882 inih^N^Z, Journal of Science, 
p. 263, Hutton drew attention to the unreliable nature of many of 
these records. He gave a list of species which should certainly be 
excluded, another of species which should probably also be excluded, 
and a third list of those whose occurrence in this country had not 
been verified. These* conclusions were corroborated in a brief note 
published in the same volume* by the Hon. G. M. Thomson (l.c., p. 
333), who has paid much attention to these Crustacea. In, the repori 
on the Crustacea collected during the expedition of H.M.S. Alert”, 
Miers repeated several of these records, but was evidently unaware 
of the criticism of his Catalogue by local workers. These records 
have also been repeated by Ortmann (1894) and several other workers 
a])road. A few of the species which Hutton regarded as doubtful 
have been found again, but his list appears to have been remarkably 
well chosen; in very few cases, for example, does the list drawn up 
by G. M. Thomson and C. Chilton for the Index Faunae Novae 
Zealandiae, published many years later, differ from these earlier 
views. In the list below we have not included the species which Hut- 
ton and Thomson washed to exclude, except where there is further 
evidence; but we have retained most of the doubtful ones as still 
doubtful. In the synonymy of the various species we have not quoted 
the Index Faunae N.Z, and Hutton ’'s critical lists, but when they 
contain an o])inion which is still of weight we have drawai attention 
to them in our notes. 

It need hardly be stated that the “Challenger” reports contain 
a valuable addition to our knowledge. The collections of Brachyura 
were entrusted to Miers, whose previous knowdedge of our Brachy 
urous fauna was of some advantage; nevertheless, as only a few 
Crustacea wau’e collected in New" Zealand the report was hardly of 
such outstanding importance to New Zealand w^orkers as the reports 
on other groups of animals less confined to the littoral. Subsequent 
descriptive work has been confined almost entirely to the wTitings of 
the senior author, as mentioned above ; but special mention should be 
made of a paper on the “ Biology of Otago Harbour ” by the lion, 
(r. M. Thomson {Trans, N.Z, Insi,, vol. 45), who has devoted a sec- 
tion of the paper to notes on the occurrence and habits of the 
Brachyura of the coasts of Otago. 

In the present survey, our aim has been to state the problems 
rather than to attempt to solve them. In no case has a decision been 
given without a full statement of the grounds on which it is based, 
and the extent to which, in our opinion, it may be relied upon. The 
way is thus left clear for further revision. Certain genera have not 
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been touched upon, namely, Paramithrax, of which the Canterbury 
Museum contains an extensive series; Pilumnm, a difficult genus of 
which the collections contain some forms new to science or at least to 
New Zealand ; and the smaller crabs of the genera Pinnotheres, Hali- 
curcinus, Hymenicxts, Hymenosoma, Elamena, and Ebalia, 

The Canterbury Museum library contains some papers formerly 
belonging to Hutton, and annotated by him; most of his comments 
have already been published in the critical paper mentioned above, 
but we have quoted and duly acknowledged several others below. It 
may be noted that in his copy of his critical paper, he has corrected 
the word 'Hypicar' (p. 264, line 9) to tropical, which was the 
word originally intended. 

In our lists of localities below, it is to be understood that some 
of the pensonal names after the records refer to collectors whose speci- 
mens we have seen and identified, and some to authors from whom the 
record is quoted; the latter is the case when the author in question 
has contributed a paper which is quoted in the synonymy of the 
species in question. When it is not expressly stated that records on 
the authority of Hutton are based on his MSS., it is to be understood 
that he has left labelled specimens in the Canterbury Museum. Speci- 
mens which we have personally collected are indicated by our respec- 
tive initials only, and the full name of the senior author refers to a 
previously published record. 

As regards the evidence afforded by the Brachyura of the geogra- 
phical relationships of the New Zealand region, our knowledge of the 
group is still much too imperfect for very precise deductions to be 
drawn. There are about eleven species which are known only from 
the original description, and which are in some cases open to doubt; 
if they are included among the endemic element, the latter constitutes 
two-thirds of the species whose validity and occurrence in New Zea- 
land are beyond reasonable doubt, and if they are excluded, the 
proportion is still one-half. This is a high proportion in a group with 
such means of dispersal in the adult and larval stages. As is natural, 
the list of names of foreign species which have been recorded, though 
in all probability incorrectly recorded, from New Zealand, includes 
a high proportion of Australian and Indo-Pacific forms; but never- 
theless there still remains, after these have been subtracted, a strong 
Australian element — ^which, in fact, is stronger than any other ele- 
ment except the endemic. Some of these species occur, as far as is 
known, only in Australia and New Zealand {Nectocarcinus integri- 
frons, OmMatocarcinus macgillivrayi, Gyclograpsus lavauxi, Helice 
crassa, not to mention some doubtful examples) ; others are found 
also in the Kermadecs and other islands to the north of New Zealand 
{Ozius truncatus) ; and others again are confined to these islands and 
New Zealand, and do not occur in Australia {Heterozius rotundifrons, 
Gyclograpsus whitei). It is not easy to discover the source of these 
species, but geographically they appear to form a natural group 
whereby the New Zealand fauna is linked with the Australian. 

There is also a more or less cosmopolitan element {Ovalipes 
bipusfulatus, Planes minutus) whose members have special means of 
dispersal, and cannot be employed in any argument concerning origins 
and relationships. 
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As for the southern forms, a few species {LeptomitKrax aitstra- 
lis, PrionorJtynchus edumrdsi) are more common around the Auckland 
and Campbell Islands than near the mainland; but the absence of 
species endemic to these islands supports Dr. Th. Mortensen’s recent 
conclusions {Saertryk af VidensL Medd, fra Dansk, naturh. Foren, 
Bd. 79, 1925), based on his study of the New Zealand Echinoderms, 
that the islands in the south are strictly a part of the New Zealand 
region, and in that sense not truly subantarctic. There is, however, 
a small but true southern element, represented by Hemigrapsus ere- 
nulatus, Halicarcinus planatus, and Cancer novae^zealandiae, with 
distinct South American afSnities ; while Leptograpsus variegatus and 
Plagusia chabrus occur not only in South America but in Australia 
and to the north, and possibly represent a former subantarctic ele 
ment which is spreading into the Indo-Pacific. 

To sum up the argument, the evidence from the Brachyura dealt 
with in this paper is open to considerable doubt, partly because of 
our imperfect knowledge of the group and partly because of their 
means of dispersal; but it agrees with Dr. Mortensen^s chief conclu- 
sions, that the New Zealand region, including the southern islands, is 
a very distinct area, with clear evidence of former relationships with 
Australia, and less pronounced indications of affinities with South 
America and the Subantarctic. 

Steno^rhynchus fissifronB Haswell. 

Stenorhynchus fissifrons Haswell, Proc, Linn, Soc, N,8,W», vol. 3, p. 
409. 1879. 

Haswell, Cat, Crust, Austr,, p. 2. 1882. 

Achaeopsis (?) fissifrons Miers, Challenger Reports, Zool., vol. 17, 
Crust., pp. 6, 18. 1886. 

Only the type specimen, a female, is known from New Zealand; 
it is said by Haswell to have been deposited in the Macleay Collection, 
which is now at Sydney University, but a half-day search by the 
junior author failed to discover it. 

Locality , — ^Auckland (Haswell). 

Distribution, — Port Jackson, Australia (Haswell). 

Type, — (See above). 

Hoenia bifurcata Streets. 

Huenia bifurcata Streets, Proc, Acad, Nat, Sci,, Phtlad,, p. 107. 
1870. 

Miers, Cat. Crust, N,Z,, p. 3. 1876. 

Haswell, Cat, Crust, Austr,, p. 8. 1882. 

Pilhol, Mission de Vile Campbell, p. 352. 1885. 

Simocarcinus ( ?) bifurcata Miers, Challenger Reports, Zool., vol. 17, 
Crust., p. 35. 1886. 

Huenia bifurcata Pulton and Grant, Proc, Roy, 8oc, Viet,, vol. 19, 
pt. 1, p. 17, 1909. 

The type specimen is the only one recorded from New Zealand, 
and the species is one whose occurrence here was considered by Hut- 
ton to be very doubtful. It does not appear to be the same as the 



736 


Transactions. 


widely-sprcdd and very variable H, proteus de Haan (known from 
Japan, China, Australia, Kermadec Islands). 

Locality. — N.Z. ( Streets) . 

Distribution. — Australia. 

Type. — Mus. Acad. Nat. Sei., Philadelphia. 

Trichoplatus huttoni A. Milne-Edwards. 

Trichoplatus huttoni A. Milne-Edwards, Bull. Soc. Phil., 12th Feb., 
1876. 

A. Milne-Edwards, Ann. Sci. Nat., ser. 6, t. 4, art. 9, PI. 10. 

1876. 

Halimus hectori Miers, Ann. Mag. Nat. Hist., ser. 4, vol. 17, p. 219. 
1876. 

Miers, Cat. Crust. N.Z., p. 4, PI. 1, Fig. 1. 1876. 

Halimus rubiginosus Kirk, Trans. N.Z. Inst., vol. 13, p. 236. 1881. 

Filhol, Mis.sion de Pile Campbell, p. 352. 1885. 

Tnchoplatus huttoni Filhol, l.c., p. 352. 1885. 

Hector, Trans. N.Z. Inst., vol. 9, p. 474. 1877. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 236. 1913. 

It has been recognised by all writers, including Miers and Milne- 
Edwards, that the species described by those authors are identical, 
and we have taken the further step of uniting Kirk's name also as a 
simi)le synonym of Milne-Edwards', for the following reasons: 

Kirk was unaware of the work of Milne-Edwards, though he 
wrote several years later; the briefness of Miers' description and the 
poorness of his figure, due to the mutilated condition of the only 
specimen in the British Museum, explain why Kirk distinguished 
another supposed .species, but if he had seen the careful description 
and the figure given by Milne-Edwards he would hardly have taken 
that step. It is obvious that Kirk's species is the same as Milne- 
Edwards', and though less obvious it is quite certain that Miers' is 
also the same. 

The reasons which influenced Kirk were as follows: A drawing 
of his specimen was forwarded by Hector to Miers, who replied that 
it was evidently closely related, “ the tubercles occupying the same 
positions, but being in some jdaces replaced by spines, also the rostral 
spines are longer and more acute. These differences may be due to 
age or sex. . . . Only an actual comparison of your variety with tin* 
type of H. hectori would enable me to determine whether it is really 
distinct " (Hector 1877, p. 474). The differences were found by Kirk 
not to be due to age or sex, and disregarding Miers' added caution, 
and evidently not realising the imperfection of Miers' figure and 
description, he proi)osed the new species. Miers' comments may be 
accounted for; the tuft of hairs on the tubercles might well give tin* 
latter a spinous appearance in a drawing, and the rostral spines of 
Miers' figure are shorter than in any subsequently recorded speci- 
mens, including our pre.sent series. Curiously enough, Kirk did not 
include these characters in his diagnosis, but gave characters which, 
especially in the absence of a figure, can be regarded only as inade- 
quate. 

Thus in our opinion Halimus hectori Miers and //. rubiginosus 
Kirk are the same, and are synonyms of Trichoplatus huttoni Milne- 
Edwards. 
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The hand is smooth in the male, much smaller, grooved, and hairy 
in the female. The carapace, except the frontal and hepatic regions, 
and also the walking-legs, are finely pubescent. The colour is a dark 
brown. 

Some of the hairs are coiled round and serve to hold fragments 
of seaweed (of the same colour as the animal) in the same manner 
as keys are fastened on a split ring. The seaweed is not growing or 
rooted on the hairs, but pierced by the latter, so that it is probably 
renewed from time to time. JI, spinosus Hess (Kermadec Islands) 
and probably other species have the same habit. 

Locality, — N.Z. (Milne-Edwards, Miers). 

Sumner (Hutton). 

Akaroa Heads (J. W. Arthur;. 

Wellington, Cape Campbell, Napier (T. Kirk). 

Cook Strait; east coast of Otago (Pilhol). 

Stewart Island (W. Traill). 

Kaikoura (E.W.B.). 

Occasionally met with in Otago Harbour and on 
the coast, especially after heavy north-easterly 
weather. ’ ’ ( Thomson ) . 

The species appears to be widely distributed in New Zealand, 
but nowhere common. 

Distribution , — Endemic. 

Type, — Paris Museum. 

Halimus diacanthus (de Haan). 

Pisa {Naxin) diacanilia de Haan, Fauna japonica, (’rust., j). 96, PL 
24, Pig. 1. 1839. 

Hyastenus vernauxii A. Milne-Eduards, Nouv. Archiv, Mus, Hisi^ 
Nat., Paris, vol. 8, p. 250. 1872. 

Hyastenus diacanihus A. Milne-Edwards, tom. cif,, p. 250. 1872. 

Miers, Cat. Crust., N.Z., p. 9. 1876. 

Miers, P.Z.S., pp. 19, 26. 1879. 

Ilaswell, Cat. Austr. Crmt., p. 20. 1882. 

Miers, Zool. H.M.S. “ Alert, p. 194. 1884. 

Pilhol, Mission de Vile Campbell, p. 366. 1885. 

Miers, Challenger Reports, Zool., vol. 17, pp. 56, 57. 1886. 

Rathbun, Proc, U.S. Nat. Mus., vol. 6, p. 85. 1893. 

Ortmann, Zool. Jalirb., vol. 7, p. 55. 1894. 

Ortmann, Zool. For,schungsreisen in Austr., vol. 5, p. 42. 1894. 

HaUmus diacanthus Rathlmn, Proc. Biol. Soc. Washington, vol. 11, p. 
157. 1897. 

Hutton regarded the occurrence of this species in New Zealand 
as ‘‘ very doubtful, and did not include it in the Index Faunae 
N.Z. Ortmann ^s statement that it docs occur is evidently a quotation 
from HasweU’s Catalogue, which in turn depends on Miers and the 
unreliable labels of specimens in the British Museum. The New Zea- 
land collections which we have seen contain nothing like it. 

Locality, — N.Z. (Miers). 

Distribution. — Australia, Philippine Islands, Japan. 
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Paramithraz. 

We have not included this genus in the present survey, and with- 
out a revision of the New Zealand representatives we have refrained 
from assigning our specimens, which are numerous, to the species 
previously recorded, and therefore do not attempt to give new locali- 
ties for them. The following species have been recorded from New 
Zealand, the first three being the commonest : — 

Paramithraz peronii Milnc-Edwards ; Miers, Cat. Crust., N.Z., p. 5. 
Paramithraz latreilli Miers (= P. cristattis Pilhol = P. barbicornis 
Miers, not of Latreille) ; Mission de Vile Campbell, p. 358. 
Paramithraz longipes Thomson; A.M.N.H, 7, 10, p. 361. 

Paramithraz minor Filhol; Mission de Vile Campbell, p. 356. 
Paramithraz sternocostulatus Milne-Edwards i=P. gaimardi Miers ) ; 
Cat. Austral. Crust., p. 13. 

Paramithraz parvus Borradaile, Brit. Antarct. Ezped. 1910, Zool., 
vol. 3, p. 105. 


Leptomithrax australis (Jacquinot and Lucas). 

Maia australis Jacquinot and Lucas, Voyage au Pole ISud, Zool., vol. 

3, Crust., p. 11, PI. 2, Fig. 1. 1853. 

Leptomithraz australis Miers, Cat. Crust. N.Z., p. 7. 1876. 

Filhol, Mission de Vile Campbell, p. 361, PI. 38. 1885. 

Chilton, Subani. Isl. N.Z., vol. 2, p. 607. 1909. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Stephensen, Dr. Th. Mortensen’s Pacific Ezped. 1914-16, vol. 

40, p. 292. 1927. 

(Not L. australiensis Miers, Ann. Mag. Nat. Hist., ser. iv, vol. 
17, p. 220). 

The genus Leptomithraz is most readily distinguished from 
Paramithraz by the presence of tubercles but no ridge on the wrist 
of the former, while the wrist of the latter is strongly ridged. In 
young Leptomithrax (about an inch in length), there is, however, a 
nodulous ridge. The differences between L. australis and L. longi- 
mamus arc very distinct and may be stated as follows: — 



L. australis. 

L. longimanus. 

Spine at outer 
corner of orbital 
cavity 

With small accessory spine 
at base. 

Without accessory spine. 

Granules on arm 

On upper and outer sur- 

Over the whole of the 

and wrist 

faces only. 

joints. 

Inner edge of 

Denticulated for more than 

Denticulatlons stopping 

fixed finger 

half the length, the den- 
ticulations extending over 
the broad curve at the 
middle into the excava> 
tion in the proximal half 
of the finger. 

short at the ' middle of 
the finger, where the 
excavation begins; end of 
the excavation sharply 
angled. 
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In addition, the arms and hands of L, longimanus are much 
longer, the legs are stouter, and the branchial regions more inflated 
at the sides than in the case of L. australis. 

In young specimens and in the female, the fingers fit closely 
together along their whole length; there is neither excavation nor 
inner tubercle. 

In his copy of the N.Z. Journal of Science, vol. 1, Hutton has 
deleted this species from the list of those whose occurrence he form- 
erly considered doubtful; and in Miers' Catalogue he has appropri-^ 
ately noted that the carapace is ‘‘spinulose^’ rather than ‘^covered 
with smooth tubercles/^ 

Locality, — Auckland Islands (Jacquinot and Lucas, Stephen- 
son) ; Aurora (specimens in the Canterbury 
Museum). 

Dunedin (Hutton ) . 

Hauraki Gulf, 50 fathoms (G. E. Archey). 

‘‘Not uncommon on the coast (Otago). Occasion- 
ally taken on the sand-banks by the seine net.’’' 
(Thomson). 

Off Little Barrier, 35 fathoms (C.C.) 

Distribution, — Endemic. 


Leptomithrax longimanus Miers. 

Lepfomitkrax lonqimanus Miers, Ann, 3Iag, Nat, Hisi,, ser. 4, voL 
17, p. 220. 1876. 

Miers, Cat, Crust, N,Z., p. 8, PI. 1, Fig. 3. 1876. 

Filhol, Mission de Vile Campbell, p. 364, PL 39, Pig. 4. 1885. 

Filhol did not expressly criticise the diagnostic features empha- 
sized by Miers, viz., that the species is “at once distinguished by 
the great length of the anterior legs, and by the absence of spines 
on the antero-lateral margin.s.’^ What Miers may have meant con- 
cerning the spines is obscure, and Filhol ’s account is more accurate,, 
viz., that except for the absence of the small accessory spine on the 
post-ocular spine, the spines of the carapace occupy the same posi- 
tions as in L, australis. The spines, in fact, are stout, though not 
as long or as sharp as in the latter species. As for the “ great 
length of the anterior legs,” it is not known whether this applies 
to the female. 

The pubescence mentioned by Miers is apparently transient, 
and the “ small scattered granules ” arc more accurately described 
by Hutton (MS.) as “ flattened tubercles.” 

Our largest specimen, a male, slightly exceeds Filhol ’s, the 


proportions of the various dimensions being the same as those 
quoted by him. They are as follows: — 

Length of carapace (including rostral spines) .... 50 mm. 

Breadth of carapace 40 mm. 

Length of rostrum 7 mm. 

Length of hand ... 46 mm. 

Len^h of arm, measured from cephalothoracic 

margin 97 mm. 
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We have several small females from off f'ape Maria. The 
dimensions of the largest, which bears no eggs, are as follows; — 


Length of carapace 
Breadth of carapace 
Length of arm .. .. 

Length of hand 

Length of first legs 


30 mm. 
21 mm. 

33 mm. 
16 mm. 

34 mm. 


The arm is therefore only as long as the first legs or the carapace, 
whereas in the adult male it is twice as long. This may be attributed 
to age rather than to sex, as shown by still smaller males in our col- 
lection; so that the adult female is still unknown. In our small speci- 
mens the eyes are prominent, rostral spines divergent, ambulatory 
legs with long and shorter hairs, including a row of hooked hairs 
along the upper margins; the whole exoskeleton covered with a fine 
pubescence, except the arms, which are smooth and slender, wrist 
scarcely granular, fingers thin, fixed finger with faint sign of exca- 
vation. 

Postscript. — In writing the above, we overlooked BorrAdailc\s 
description of ParamitJirax {Leptomithrax) affinis; from a compari- 
son of the texts, we consider it likely that our small specimens from 
Cape Maria may belong to Borradaile’s species (see next species). 

Locality. — N.Z. (Miers). 

Sumner (Hutton). 

Stewart Island, 30 fathoms (Pilhol). 

Puysegur Point, Stephens Island (T. B. Smith). 

Dufiedin (Austr. Mus., Sydney). 

10 miles N.W. from Cape Maria; Little Barrier, 35 
fathoms (C.C.). 

Distrihution. — Endemic. 


Leptomithrax affinis Borradaile. 

Paramiihrax (Leptomithrax) affinis Borradaile, Brit. Ant. Exp.. 

Zool., vol. 3, p. 104, Fig. 14. 1916. 

This s})ecies has been created by Borradaile for a single female 
specimen, which he considers distinct from L. longimanns^ though 
admittedly closely related to it. We have not compared Borradaile \s 
description with some young specimens which we have identified with 
L. longimanus (see postscript to that species), but they appear to 
agree well, especially as regards the cheli])eds and the spines of the 
rostrum. We have noted above that the chelipeds of young speci- 
mens of 1)Oth New Zealand species of Leptomithrax (according to our 
identification) arc intermediate between those of adult Paramtthrax 
and Leptomithrax, and this may be Borradaile 's reason for placing 
his species and L. longimanus in a subgenus of ParamitJirax. The 
localities of our young specimens and Borradaile ^s species ajfree well, 
and L. longimanus is known, apart from our record, only from much 
more southern localities. But while we have drawn attention to the 
differences between these small females and adult males, we have 
preferred to regard them as due to age and sex, for the adult female 
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of L. longimanus is otherwise unknown. Borradaile ’s specimen was 
small and evidently not egg-bearing; he admits that the differences 
in the chelipeds at least may be due to sex, and he describes the 
species with some degree of doubt. Under the circumstances, it 
appears quite possible that L. affinis is a synonym of L. longimanvs. 
Locality , — Near Three Kings Islands, 100 fathoms. (Borradaile). 
Distribution, — Endemic. 

Type, — Brit. Mus. 

Echinomaia hispida Borradaile. 

Ecliinomaia hispida Borradaile, Brit, Antarct, Exped, 1910, Zool., 
vol. 3, p. 104. 1916. 

This very interesting addition to the list is based on two male 
s[)ecimens, for which Borradaile has founded a new genus and species. 
Locality . — Near Three Kings Islands, 100 fathoms Borradaile). 
D istrd) ut ion , — E nd(‘mic. 

Typ (, — British Mustmm. 

Acanthophrys filholi A. Milne-Edwards. 

Acanihophrifs filholi A. Milne-Edwards, Bull, Soc. philomatique, 
1876. 

A. Milne-Edwards, Ann, Sci, Nat,, ser. 6, vol. 4, art. 9, p. 4. 

1876. 

Filhol, Mission de Vile Campbell, p. 365, PI. 39, Figs. 1-3, PI. 

40, Fig. 8. 1885. 

('hilton, Rec, Canterbury Museum, vol. 1, no. 3, p. 290. 1911. 

Thomson, Trans, N,Z, Inst,, vol. 45, p. 237. 1913. 

/ Chlorinoides filholi Miers, Challenger Reports, Zool., vol. 17, p. 52. 
1886. 

Filhol has copied in toio the description given by Milne-Edwards, 
and has added a figure, but little else. The female has therefore not 
hitherto been characterized; but specimens in our collections show 
that it agrees with the male, except that the flanges on the arm are 
not as exaggerated and the teeth are not as prominently denticulated; 
the female arm and hand are much smaller than those of the male. 

We can verify Filhol’s remark that the species is ‘S^ry remark- 
able for the enormous quantities of algae, bryozoa, sponges, and 
ascidians, which live fastened on to the numerous hairs covering the 
carapace.’^ 

Locality , — Stewart Island (Milne-Edwards). 

Stewart 'Island, on ovster-beds, very abundant 
(Filhol). 

Nora Niven, Stations 17, 26, 44 (Chilton). 

New Brighton, drift (H. Suter). 

10 miles N.W. off C. Maria; off W'est King, 60-65 
fathoms (C.C.). 

Distribution , — Endemic. 

Type , — Paris Museum. 
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Pazunucippa spinosa Stimpgion. 

(Paramicippa spinosa var. affinis Miers.) 

Paramicippa spinosa Stimpson, Proc. Acad. Nat. Sci. Philadelphia, p. 
217. 1857. 

Paramicippa affinis Miers, Cat. Crust. N.Z., p. 9. 1876, 

Paramicippa spinosa Haswell, Cat. Crust. Austr., p. 26. 1882. 

Miers, Zool. H.M.S. ^^Alert,^' p. 199. 1884. 

Filhol, Mission de Vile Campbell, p. 367. 1885. 

Paramicippa spinosa var. affinis Miers, Arm. Mag. Nat. Hist., ser. 5, 
vol. 15, p. 8. 1885. 

Miers, Challenger Reports, Zool., vol. 17, p. 70, PI. 8, Fig. 3. 

1886. 

Fulton and Grant, Proc. Boy. Soc. Yictpria, vol.* 19, p. 17. 

1906. 

Paramicippa spinosa Whitelegge, Mem. Ausir. Mus. 4, vol. 2, Crust., 
pt. 1, p. 149. 1900. 

Stimpson, Smiths. Miscell. Public., vol. 49, p. 14. 1907. 

Hale, Crust. 8 . Aicstr., p. 140. 1927. 

Opinions have vacillated concerning the distinctness or otherwise 
of the variety. Miers, for example, described P. affinis as new 
(1876), and eight years later stated that the British Museum con- 
tained specimens of P. spinosa from New Zealand, these being pre- 
sumably the same as those previously described as new. In 1886 he 
stated that the form affinis was distinct, and ranked it as a variety. 
Our non-committal attitude allows us to include references to the 
species s.str. as well as to the supposed variety, and does not imply a 
denial of the distinctness of the latter; it has, for example, been 
recognized in Australia. 

Hutton doubted the occurrence of this species or variety in New 
Zealand (1882), but it is included in the Index under the name 
Micippa spinosa (p.' 248). He has no MS. comment. We have seen 
no specimens, and can only state that both the species and the variety 
have been recorded from Australia and from New Zealand, but that 
the New Zealand records are doubtful. 

Prionorhynchus edwardmi Jacquinot and Lucas. 

Prionorhynchus edwardsii 3 acqumot and Lucas, Voyage au Pole Sud., 
vol. 3, Crust., p. 8, PI. ], Fig. 1. 1853. 

Miers, Cat. Crust. N.Z., p. 11. 1876. 

Hutton, Trans. N.Z. Inst, vol. 11, p. 340. 1878. 

Filhol, Mission de Vile Campbell, p. 367, PI. 42, Pigs. 1*4. 1885. 

Rathbun, Proc. U.S. Nat. Mus., vol. 15, p. 243. 1892. 

Hodgson, Southern Cross,'' Crust., p. 230. 1902. 

Chilton, Subant. Ist N.Z., vol. 2, p. 608. 1909. 

Chilton, Bee. Cant. Mus., vol. 1, no. 3, p. 290. 1911. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Stephensen, Dr. Th. Mortensen^s Pacific Exped. 1914-16, 40, p. 

292. 1927. 

In very small specimens (carapace 30 mm. long) the granula- 
tions on the legs are prominent and extend over all parts except the 
palm and fingers; in adult specimens they are flat and minute. 
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'^This species lives at a depth of 4 to 6 metres (2 to 3 fathoms) 
and is never met with on the shore or under stones. It collects in 
large groups of two to three hundred individuals, and such groups 
may be seen on the sea-bottom, covering a considerable area.'" 
(Pilhol). 

Locality , — Auckland Islands (Jaeq. and Lucas; Hodgson; Ste- 
ensen) . 

C'ampbell Island, abundant (Filhol). 

Stewart Island (Chilton). 

Otago Heads, occasionally in large numbers. (Thom- 
son). 

Stewart Island, occasionally in large numbers (W. 
Traill), 

Distribution, — Endemic; chiefly at southern islands. 


Eur3molambrus australis Milne-Edwards and Lucas. 

Eurynolamhrus australis Milne-Edwards and Lucas, Archiv, du Mus, 
d*Ilisf, nat,, p. 481, PI. 28, Figs. 14-35. 1841. 

Filhol, Mission de Vile Campbell, p. 371, PL 43, Figs. 7-9. 1885. 

Miers, Cat, Crust, N.Z, p. 12. 1876. 

Lenz, Zool., Jalirb., Bd. 14, p. 458. 1901. 

Thomson, Trans, N.Z. Inst,, vol. 45, p. 237. 1913. 

Our specimens agree well with Hutton's MS. note, “ Claws 
purple, inner margins white." 

Filhol (I.C., p. 371) i)roposi‘s a variety stewarti, but seems to 
confess that it is based on individual variations scarcely sufficient to 
justify the distinction of a variety. His figure is of the supposed 
variety. The locality quoted is Stewart Island; our only specimen 
from there is normal, while a specimen from near Oamaru is much 
punctulated, like the variety. 

Locality. — N.Z. (Miers; Austr. and Macleay Museums, Sydney). 
Bay of Island (Dana). 

Sumner, Chatham Islands (Hutton). 

Stewart Island, Cook Strait, Massacre Bay ; very abun- 
dant on muddy bottoms at a depth of 15 fathoms 
(Filhol). 

Stewart Island (W. Traill). 

Chatham Islands (W. Maxwell Young, Miss S. D. 
Shand). 

Cape Maria; near Oamani, 20 fathoms (Capt. Bol- 
lons). 

. French Pass; Akaroa Heads (Lenz). 

Very occasionally met with on the east coast of Otago 
(Thomson). 

Moko Hinau (C. B. Gow). 

Kapiti Island (Wanganui Museum). 

Distribution, — Endemic. 

Type . — Paris Museum. 
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Cancer novae-zealandiae (Jacquinot and Lucas). 

Platycarcinus novae-zealandiae Jacquinot and Lucas, Voyage an Pole 
8ud,, Zool., vol. 3, Crust., p. 34, PI. 3, Pig. 6. 1853. 

Cancer novae-zealandiae Milne-Edwards, Nowv, Archiv, Mus. Hist, 
Nat,, vol. 1, p. 189. 1865. 

Miers, '‘Erebus and Terror,'’ Zool., Crust., p. 2, PI. 1, Fig. 5. 

1874. 

Miers, Cat. Crust. N.Z., p. 14. 1876. 

Filhol, Mission de Vile Campbell, p. 371. 1885. 

Lenz, Zool., Jahrh., 14, p. 459. 1901. 

Chilton, Subant. Isl N,Z., vol. 2, p. 608. 1909. 

Chilton, Records Cant. Mus., vol. 1, No. 3, p. 291. 1911. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Stephensen, Dr. Th. Mortensen*s Pacific Exped, 1914-16, 40, p. 

293. 1927. 

Carapace wide, moderately flattened in the male, much more in 
the female. Surface covered with little granulations; regions scarcely 
(listinct; antero-lateral margins with ten lobes, which project very 
slightly be.^ ond their lines of coalescence ; each lobe with 2 to 5 crenu- 
lations. The posterior lateral margin, which commences immediately 
behind the tenth lobe, is closely granulous. First lobe small, on 
up])er orbital margin; the latter has no tooth or spine except the 
point at the inner coiner, which is less prominent than the front. 
Front with three other teeth, of which the median is much smaller 
and more depressed than the rest. Anterior legs with the wrist very 
granulous externally, usually with a large tubercle near the margin, 
and a strong tooth on the inner side; hand granulous above, with 
two parallel lines, each having three or four tubercles larger than the 
Granulations, and with five granulous lines on the outer side, of which 
the lower four are well marked. Movable finger granulous above, 
both fingers strongly denticulate within, black within and at the tips. 
Ambulatory legs robust and of moderate length. Seventh joint of the 
abdomen of the male slender and elongate. 

"This species is very probably identical with the C. plebtius 
Poeppig, from Chili. The graulated ridges on the claws, and Ihi* 
shape of the teeth on the latero-anterior margin vary much in the 
specimens in the Museum, from both localities, but A. Milne-Edwards 
ill his monograph above quoted, considers the species distinct." 
(Miers, 1874). Though we have not seen specimens from Chili, we 
have verified that the New Zealand form is variable in the respects 
mentioned by Miers, and also in the distinctness or otherwise of the 
onter tubercle of the hand. The lobes of the antero-lateral margins 
arc sometimes black. 

In order to settle the question of the distinctness or otherwise of 
the two species specimens of C. novaezealandiae were, in 1910, sent 
to Dr. Caiman of the British Museum for comparison with C. plebeius. 
In his reply he drew attention to Miss Rathbun^s paper on " Tlic 
Stalk-eyed Crustacea of Peru and the adjacent coast (Proc. U.S. Nat. 
Museum, vol. 38, pp. 531-620) in which the original figure of C, 
plebeius is reproduced and added "There is no doubt, from the speci- 
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mens we have, that the species is perfectly distinct from the New 
Zealand one. Milne-Edwards in his Famille des Canceriens (Nouv. 
Arch, Mus. Hist, Nat, 1, 1865, p. 190) says ‘ Cette esp^ce ressemble 
beaucoup an Cancer pleheius des cotes du Chili. Elle pout cependant 
s’en distinguer facilement si Ton observe les granulations des pinces 
et lo forms des dents on lobes qui dccoupent les bords latero-antcri- 
cures. Chez le C, novaezealandiae les neuvieme et dixicme lobes sent 
arroiidies et peu avances; au eontraire chez le C, pleheius, ces lobes 
prennent la forme de vcritables dents, ils sont plus ou moins triangu- 
laires et aigues.* 

This difference in the form of the lateral lobes is,'' continues 
Dr. Caiman, well seen in the figure reproduced by Miss Rathhiin. 
There are, however, many other characters distinguishing the two: — 
the hands are much more elongated in C, pleheius, the dorsal surface 
of the hands is smooth between the ridges, the carapace is less vaulted 
and more uneven, the median tooth of the front is more prominent, 
the dorsal roof of the orbit is less swollen between the sutures, etc. 
Altogether I think the species are very well distinguished." 

The dimensions may greatly exceed thos(» hitherto recorded, as 
.shown in the following list: — 


Miers 1874 

length 

r)7 mm., 

breadth 87 

Miers 1876 


48 „ 

„ 70 

Filhol 


36 „ 

„ o2 

Large specimen from Lyttelton 


78 „ 

127 


Locality. — N.Z. (Miers), 

Akaroa (Hornbron and Jacquinot). 

Lyttelton, Port Levy, Sumner (Hutton). 

Cook Strait, Stewart Island; very abundant on muddy 
bottom at a depth of 5 to 8 fathoms (Pilhol). 

Auckland Islands (Chilton, Stephensen). 

Dunedin (Austr. Mus., Sydney). 

Wellington (Maclcay Collection). 

Stomach of dogfish, Otago (T. Anderton, T.N.Z.I., vol. 
38, p. 546). 

Extremely abundant in Otago Harbour and along the 
(M)ast-line, from the exposed sand-beach to 30 
fathoms (Thomson). 

Auckland Harbour, Akaroa, Kaikoura, Lyttelton Har- 
bour, Sumner, Taylor'^s Mistake, Timaru; small 
specimens very common in pools, under stones, and 
sluggishly sheltering among weeds and Polyzon in 
intertidal zone; larger ones chiefly in deeper Avater 
or as drift on beaches (E.W.B.). 

French Pass (Lenz)* 

Nukumaru (Wanganui Museum). 

Bistrihution. — Endemic, evidently commoner in the South than 
in the North Island. 
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Transactions. 


Megametope rotundifrons (Milne-Edwards). 

Xantho rotundifrons Milne-Edwards, Hist. Nat. Crust., vol. 1, p. 397. 
1834. 

Megametope rotundifrons Filhol, Mission de Vile Campbell, p. 373, 
PI. 44, Fig. 3. 1885. 

McNeil, Rec. Austral, Mus., vol. 15, p. 130. 1926. 

Halo, Crust. South Austr., p. 157. 1927. 

The record of this species is somewhat unsatisfactory, in that 
Filhol, on whose mention of Cook Strait and Foveaux Strait the 
record depends, did not list the species under a caption of its own, 
but merely en passant while referring to Ileterozius rotundifrons. The 
history of the species has been dealt with by McNeil (1926, p. 130). 
It has not been recognised by New Zealand collectors. 

Locality. — N.Z. (Filhol — ?). 

Distribution. — Australia. 

Type . — Paris Museum. 


Heterozius rotundifrons Milne-Edwards 

Heterozim rotundifrons Milne-Edwards, Ann. Soc. Entom. France, 
vol. 7, p. 275. 1867. 

Miers, Cat. Crust. N.Z., p. 15. 1876- 

Filhol, Mmion de Vile Campbell p. 372, PI. 44, Pigs. 6-7. 18^5. 

Lenz, Zool. Jahrb., Bd. 14, p. 459. 1901. 

C^arapace flattened, scarcely grooved, smooth. Anti'ro-lateral 
marj>ins very long, so that a line joining their posterior angles would 
divide the carapace into two une(iual parts, of which the anterior 
would be much the larger. They form a regular curve with the front, 
interrui)ted only by the orbits, anterior median fisvsure, and two small 
lateral fissures; the latter obscurely define two lobes. Prom the first 
fissure arises a shallow groove which limits the hepatic region behind, 
and ends in a dei'per pit not far from the margin and parallel to it. 
A minute antero-latcral fissure sometimes occurs in front of the nor- 
mal two. The cardiac region is marked laterally by a curved shallow 
groove, concav(» outwards. Front of carapace narrow, prominent, 
and, except for the faint median sulcus, rounded in the middle. Basal 
joint of the external antennae so small that the latter are scarcely 
separated from the fossettes of the inner antennae. Under surface 
of the body and legs covered with very short hairs, especially in the 
female. Hands equal in the female, right hand enlarged in the male. 
Unenlarged hands rounded above, and smooth, except for a faint 
longitudinal groove along the upper outer surface, in a line with the 
movable finger; on the upper inner surface of the hand, near the 
wrist, is a small tubercle, variable in size; adjacent to it, the angle 
of the wrist sometimes makes a small tubercle. Fingers slender, as 
long as the palm, and nearly straight; each finger bears six to eight 
teeth, which are distant and separated by much finer denticulations ; 
the fingers cross slightly at the tip. In the right hand of the male, the 
palm is much swollen, the tubercle is much more distinct, groove very 
faint ; fingers thick, separated at the base, with the larger teeth prom- 
inent. 
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The above description contains some additions to those of Miers 
and Milne-Edwards. 

Filhol states that usually the right arm of the female is more 
enlarged than the left, whereas a study of about 75 females in our 
collections has shown that only three had the right arm longer than 
the left. 

In a few of our collections, the males are twice as numerous as 
the females, but these proportions are more than reversed in most of 
the collections; of 165 si^ecimens from 14 localities, only 51 are males. 
Possibly the females are more numerous, but remain secluded while 
carrying eggs. 

PilhoPs figure shows four lateral fissures on the carapace. Also 
the margin of the carapace appears to be continued horizontally to 
the posterior end, whereas in our specimens the postero-lateral parts 
of the carapace are excavated to form a recess for the last pair of 
legs. 

In recoi'ding the dimensions of his specimens, Lenz appears to 
have transposed the length and breadth. Measurements of some of 
our specimens are as follows (millimetres) : 



Average 

Average 

Large 

Large 


female 

male 

1 

female 

male 

Length of hand 

11 5 

17 

14 

27 5 

Breadth of hand 

3 

0 

4.5 1 

15 

Length of carapace . 

13 

14 1 

17.5 , 


Breadth (*t carapace . 

_ 

18 

20 

25.5 ’ 

1 

25 

1 

1 


Locality* — N.Z. (Milne-Edwards, Miers, Macleay collection). 
Chatham Islands, Cook Strait (Hutton). 

Nelson, Cook Strait (Filhol), 

Stewart Island (Filhol, Hutton, W. K. B. Oliver, 
C.(\). 

Robin Hood Bay, Marlborough (6. Bigg-Withcr). 
Cook Strait, Bay of Islands (G. E. Archey). 
Rangitoto (W. R. B. Oliver, G. E. Archey). 
Puysegur Point, Stephens Island (T. B. Smith). 
French Pass (Lenz). 

Russell, Wellington Harbour, Queen Charlotte Sound 
(C.C.). 

Sumner, Kaikoura (E.W.B.). 

Wellington Harbour (Wanganui Museum). 

Distribution, — ^New Caledonia. 

Type. — Paris Museum. 


Leptodius nudipes (Dana). 

Chlorodius nudipes Dana, Proc. Acad. Nat. Sci. PJiilad., p. 79. 1852. 

Dana, U.S. Expl. Exped., vol. 13, pt. 1, p. 209, PI. 11, Fig. 12. 

1855. 
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Leptodius nudipes A. Milne-Edwards, Nouv, Archiv. Mus. Nat, Hist,, 
Paris, vol. 9, p. 225, PL 7, Pig. 5. 1873. 

Miers, Cat, Crust, N.Z,, p. 17. 1876. 

Filhol, Mission de Vile Campbell, p. 374. 1885. 

Miers, Challenger Reports, ZooL, vol. 17, p. 137. 1886. 

Rathbun, V,S, Fish Commission Bulletin for 1903, pt. 3, p. 848, 

PI. 9, Fig. 3. 1903. 

Xantho {Leptodius) nudipes Alcock, Journ, Asiatic Soc, Bengal, vol. 
67, p. 121. 1898. 

Chilton, Trans, N.Z, Inst., vol. 43, p. 555. 1911. 

Leptodius nudipes Bouvier, Bull. Sci. Fr. et Belg., vol. 49, fasc, 3, 
p. 105. 1915. 

(Not Xantho nudipes Milne-Edwards). 

Although Hutton expressed a doubt whether Milne-Edwards^ 
record of this species from New Zealand was correct, he has written 
the note ‘‘ Cook Strait ” in his copy of Miers" Catalogue, but this 
may be merely a quotation from Filhol, who says the specimens in 
the Paris IVIuseum came from Cook Strait. 

Locality. — ^N.Z. (Milne-Edwards) . 

Cook Strait (Hutton, MS.). 

Distribution, — ^New Caledonia, Sandwich Islands, Kermadec 
Islands. 

Leptodius eudorus Herbst. 

Leptodius eudorus Herbst, Krahhen, vol. 3, PI. 2, Pig. 3. 1799. 
Chlorodius eudorus M. Edwards, Hist. Nat. Crust., vol. 1, p. 402. 
1834. 

White, Dieifenbach "s New Zealand, vol. 2, p. 265. 1843. 

Miers, Cat. Crust, N.Z., p. 17. 1876. 

Filhol, Mission de rile Campbell, p. 374. 1885. 

Miers, Challenger Reports, ZooL, vol. 17, Crust., p. 137. 1886. 

Chilton, Trans, N.Z, Inst,, vol. 43, p. 555. 1911. 

(Not Xantho cudora Owen, 1839). 

Hutton has questioned the occurrence of such a species in New 
Zealand. It is congeneric with Leptodius nudipes Dana, and must 
bear the same generic name; but there is some doubt as to what the 
latter should be. New Zealand authors have used Chlorodius for the 
present species, and Alcock has recommended Xantho — which causes 
trouble with Owen’s Xantho eudora. Fortunately there is the 
authority of Miss Rathbun and of Bouvier for the use of Leptodius, 
The species, after all, may be merely a subspecies of L. nudipes, 
as Filhol considered it to be. At present it can hardly be reckoned to 
be an authentic member of the New Zealand fauna. 

Xantho spinotuberculata Lockington. 

Xantho spinotuberculata T. Kirk, Trans, N.Z. Inst., vol. 11, p. 396. 
Filhol, Mission de Vile Campbell, p. 379. 1885. 

It is not likely that much will be lost by ignoring this record, 
as has been done in the Index Faunae N,Z, 
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Piliunnas. 


The crabs of the genus Pilumnus are not common in the littoral 
zone in New Zealand; they are somewhat solitary in habit, and ren- 
dered inconspicuous by their covering of grey hairs and the flocculent 
matter entangled in the latter. As moreover they are of sluggish and 
retiring habits, it is not surprising that they arc very imperfectly 
known. The genus as a whole contains a great number of species, 
differing for the most part in confusingly small details. We have not 
revised the New Zealand species in this paper, which therefore has 
the merit of not adding any new species, though one or two are 
known to us. 

Five species have been reported from New Zealand, but only 
three of the records appear to be valid. P, vespertilio is a well-known 
species, common throughout the Indo-Pacific; it was included in 
Miers' Catalogue, but placed on Hutton’s black list.'’ Specimens 
of a species of Pilumnus occasionally found in the tangled holdfast 
of the seaweed Macrocystis and in similar places in Lyttelton Har- 
bour were sent to Dr. Caiman of the British Museum, who replied 
that they were identical with specimens from New Zealand in the 
British Museum labelled P. vespertilio by Jiliers, but that these were 
certainly not P. vespertilio on the evidence of the other specimens so 
labelled in the British Museum collection and on the evidence of the 
description given by Alcock, (Jour. Asiatic Soc. Bengal, 67 (2), 
1898, 1). 192.). The Lyttelton specimens were referred by Caiman 
to de Man, who reported that they appeared to him to belong to 
Pilumnus novaezealandiae Filhol. It is quite as certain that the 
record of P. tmnentosus by Miers was also incorrect. Hutton has not 
named it among the excludenda, but has crossed it off from his copj’^ 
of the Catalogue ; and though it is known in great detail from White- 
legge’s very full description (Mem. Austr. Mua, 4, vol. 2, p. 149, 
1900) it has not been recognised in New Zealand. Filhol did not 
collect either species, but described two more, P. spinosus and P, 
novae'zcalandiae. Although Miss Rathbun considers that Filhol has 
misunderstood P. tomentosus (Biol. Results ‘^Endeavour” Exped., 
1909 — 14, p. 119), his two new species are apparently both valid. A 
further species, P. maori, has been described by Borradaile {Btit 
Antanf. hxped, 1910, Zoology, vol. 3, p. 99, Fig. 10) from a single 
very small male, 6 mm. in length, dredged in 70 fathoms near East 
Cape during the British Antarctic Expedition of 1910, and his des- 
cription agrees well with some twelve specimens, representing both 
sexes, in our collections; they are, however, much larger, up to 21 
mm. in length, and were collected at Ponui Island, Ponsonby Reef, 
and Akaroa. 


Pilunmopeus serratifrons (Kinahan). 

Ozius serratifrons Kinahan, Journ, Roy. Soc. Dublin, vol. 1, p. 113, 
PI. 4, Fig. 1. 1856. 

Pilumnopeus serratifrons Miers, Cat. Crust. N.Z,, p. 20. 1876. 

Filhol, Mission de Vile Campbell, p. 378. 1885. 

Haswell, Cat. Crust. Austr., p. 70, PI. 2, Pig. 1. 1882. 

Miers, Zool. H.M.S. Alert,” p. 228. 1884. 
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Sphaerozius (?) serratifrons Miers, Challenger Report, Zool., vol. 17, 
p. 144. 1886. 

Pilvmnopens serratifrons Fulton and Grant, Proc. Roy. 8oc. Viet., 
vol. 19, pt. 1, p. 18. 1906. 

There is only weak evidence that this crab occurs in New Zealand. 
It was recorded by Miers (1876), and though he again referred 
(1884) to New Zealand specimens in the British Museum, this does 
not refute Hutton’s view (1882) that it should be excluded from our 
list. 


Ozius troncatus A. Milne-Edwards. 

Ozius truncaius A. Milne-Edwards, Hist. Nat. Crust., vol. 1, p. 406, 
PI. 16, Pig. 11. 1834. 

Xantho deplanatus White, Juke’s Voyage H.M.8. Fly, p. 337. 1847. 
Ozius lohatus Heller, Reise der Novara, Zool. Bd. 2, abt. 3, p. 21, 
PI. 2, Fig. 4. 1868. 

Ozius truncaius Dana, U.8. Expl. Exped., vol. 13, (’rust., pt. 1, p. 
230, PI. 13, Pig. 4. 1852. 

Miers, Cat. Crust. N.Z., p. 21. 1876. 

ilaswell. Cat. Crust. Austr., p. 63. 1882. 

Filhol, Mission de Vile Campbdl, p. 379. 1885. 

de Man, Ahh. 8enckenb. Natf. Ces., 25, p. 628, PI. 21, Figs. 22, 

23. 1902. 

Stimpson, Smithsonian Miscell. Coll., vol. 49, No. 1717, p. 60. 

1907. 

Hale, Crust. 8. Austr., p. 160. 1927. 

Lenz, Zool. Jahrb., Bd. 14, h. 5, p. 465. 1901. 

(Not XanthooUns lobatus Milne-Edwards, 1880). 

This species was originally recorded by Milne-Edwards from 
Australasia; Filhol, who had access to the same collections, states 
that Milne-Edwards’ type specimen was from Australia, and we do 
not know whether there were more specimens from New Zealand; 
Filhol adds, however, that he himself had collected a .specimen in 
New Zealand which was exactly the same. Dana has recorded the 
species from the Bay of Islands. According to Miers, Specimens from 
both countries and from Lord Howe Island are in the British Museum, 
but again it is not clear whether true 0. truncaius from New Zealand 
is included. Some and pei'haps all of the specimens so named by 
Miers were those labelled 0. deplanatus by Wliite, these being 
included by Miers— with some doubt and certain qualifications of the 
description — ^in 0. truncaius. 

Now it is this amended description which most accurately applies 
to the specimens before us, viz., “ the antero-lateral margins are 
granulous, the anterior tooth very broad and scarcely distinct; the 
second, obtuse; the third and fourth more acute, but still broad.” As 
this refers to White’s specimens only, and the rest of 0. truncaius as 
determined by Miers had the “ latero-anterior margins short, and 
divided into four or five wide obtuse lobes,” and as our specimens 
have, for example, no sign of a fifth lobe, we conclude that the speci- 
mens before us are what White called 0. deplanatus. And further, 
as the only clear statement of the record of 0. truncaius in New 
Zealand, apart from 0. deplanatus, depends on Dana’s mention of 
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the Bay of Islands, we conclude that the commoner species in New 
Zealand, and possibly the only one, is what White called 0. 
deplanatus. 

The question therefore is whether 0. deplanatus is a synonym of 
O. truncatus; and the question is further complicated by the fact that 
Heller has a species, 0. lobatus, which appears to agree with the New 
Zealand specimens, though the localities mentioned by him for 0. 
lobatus were Shanghai, Sydney, and Tahiti. 

Specimens of the New Zealand species were sent in 1914 by the 
senior author to Dr. W. T. Caiman at the British Museum, who 
replied : — ‘ ' The crab you send is undoubtedly the same species as the 
numerous specimens (including those from New Zealand) determined 
as 0. truncatus in our collection. We have none determined as 0. 
lobatus. De Man discusses the two species and figures the type- 
specimens of both in AbJt. Senckenb. Natf. Ge>S; 25, p. 628, PL 21, 
Figs. 22-23, 1902. He thinks they are distinct species, but I should 
doubt it.'’ We have not seen the work referred to, and are unable 
at present to decide definitely upon the status of either White’s 0. 
deplanatus or Heller’s 0. lobatus. Lenz quotes with approval the 
opinion of Haswell that 0. truncatus and 0. lobatus are identical, 
and we can only repeat the caution (Chilton, Trans. N.Z. Inst., vol. 
43, p. 556, 1911) that a comparison of typical specimens is desir- 
able before the two are combined.” 

There is thus some doubt as to the correctness of the above 
synonymy, in which 0. deplanatus and 0. lobatus are reduced to 
synonyms of 0. truncatus; but it does not seem to have been realised 
that if they are synonymous with one another but not with 0. trim- 
iutus, the name deplanatus has priority over lobatus. 

Locality. — N.Z. (White, Miers). 

Bay of Islands (Dana). 

Auckland (Hutton — specimens labelled 0. truncatus 
arc in the Canterbury Museum). 

North part of the South Island (Pilhol). 

Cuvier Island (Grenfell and Barr). 

Portland Island (C. Riesop). 

Auckland, Tiri-tiri (0. lobatus) (Lenz). 

Mokohinau (C. R. Qow). 

” Common on the northern shores of New Zealand — 
from Portland Island northwards. During the 
^ Hinemoa»’ trip, 1914-1915, I got it at various 
places on the east and west coasts — Cuvier Island, 
Kaipara Harbour, etc.” (C.C., MS.). 

This species scarcely extends to the South Island. 

Distribution (0. lobatus). — ^Australia, Kermadecs. 

Panopeus otag-oensis Filhol. 

Panopeus otagoensis Filhol, Mission de Vile Campbell, p. 379, PL 40, 

Pig. 1. 

This species is known from a single male specimen collected by 
Hutton at Port Chalmers and described by Filhol. It would thus 
appear that the species is endemic, and that the type is m the Paris 
Museum. 
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Ruppellioides convexus A. Milne-Edwards. 

Ruppcllioides convexm A. Milne-Edwards, Soc, Ent. France, ser. 4, 
vol. 7, p. 279. 1867. 

Filhol, Mission de Vile Camphell, 1885, p. 381, PI, 41, Pig. 7. 

Miers, Cat. Crust. N.Z., p. 23. 1876. 

Milne-Edwards has described this species from material collected 
by Quoy and Gaimard at Massacre Bay; but Hutton has queried its 
validity, and it does not seem to have been seen again. 

Portunus pelagicus (Linnaeus). 

Cancer pelagicus Linnaeus, Syst. Naturae, ed. 12, p. 1042. 1766. 
Neptunus pelagicus Milne-Edwards (part), Archiv. Mus. Hist. Nat., 
vol. 10, p. 320. 1861, 

dc llaan, Fauna japonica, Grust., p. 37, Pis. 9, 10. 

Miers, Ann. Mag. Nat. Hist., ser. 4, vol. 17, p. 221. 1876. 

Miers, Cat. Crust., N.Z., p. 25. 1876. 

llaswell, Cat. Crust. Ausir., p. 77. 1882. 

Miers, Zool. H.M.S. ‘‘ Alert, p. 229. 1884. 

Filhol, Mission de Vile Campbell, p. 381. 1885. 

Miers, Challenger Reports, ZooL, vol. 17, p. 173. 1886. 

Ortmann, Zool. Jahrh., vol. 7, p. 74. 1893. 

Ortmann, Zool. Forschungsreisen in Atistr., Bd. 5, lief. 1, p. 45. 

1894. 

Aloock, Joum. Asiatic Soc. Bengal, vol. 67, p. 34. 1898. 

Whitelegge, Mem. Austr. Mus,, 4, vol. 1, Crust., p. 154. 1900. 

Portunus pelagicus Pabricius, Entom. Syst., Suppl., p. 367. 179S. 

Rathbuii, Proc. U.S. Nat. Mus., vol. 36, No. 1037, p. 26. 1902. 

Rathbun, Eyuieavour Sci. Results, p. 130. 1923. 

Hale, Crust, Sth. Austr., p. 149, 1927. 

The claim of this crab to be a constituent of our fauna depends 
on the label of a British Museum specimen collected by Sowerby, and 
has been rejected by Hutton. The crab, however, is “ a common 
species in the Sydney market ’’ (Haswell), so that it is liable to turn 
up within the northern part of the New Zealand region. 

Locality . — N.Z. (Miers). 

Not N.Z. ? (Hutton). 

Distribution . — Red Sea, Indian Ocean, East Indies, Philippines, 
Ghiiia, Japan, east coasts of Australia. 

Portunus sayi (Gibbes). 

Lupa sayi Gibbes. Proc. Amer. As.hoc., p. 178. 18*50. 

Dana, U.S. Explor. Exped., vol. 13, Grust., p. 273, PI. 16, Fig. 

8. 1852. 

Neptunus sayi Milne-Edwards, Archiv. Mus. Hist. Nat., vol. 10, p. 
317, PI. 29, Pig. 2. 1861. 

Miers, Cat. Crust. N.Z., p. 24. 1876. 

Filhol, Mission de Vile Campbell, p. 381. 1885. 

Miers, Challenger Reports, Zool., vol. 17, p. 173. 1886. 

Neptunus {Neptunus) sayi Lenz and Strunck, Deutsche Sudpolar 
Exp., vol. 15, p. 278. 1914. 
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One specimen in the British Museum, identified by Miers, is the 
sole claim of this American species to be included in the New Zealand 
fauna. Hutton has questioned its occurrence, and it nas not been 
found again. 


Portunus pusillus Leach. 

Portunus pusillus T. Kirk, Trans, N,Z, Inst,, vol. 11, p. 402. 

Filhol, Mission de Vile Campbell, p. 381. 1885. 

Miers, Challenger Reports, Zool., vol. 17, p. 200. 1886. 

Kirk’s record is unsubstantiated, and probably depends on a 
wrong identification; but species of this genus are liable to stray 
beyond their usual range. 

With regard to the generic name, a strict adherence to the rules 
of nomenclature would invalidate Portunus for this and the next 
species at least, leaving them and some others without a generic title. 
Miss Rathbun has discussed the case {Proc, Biol, Soc, Washington, 
vol. 9, pp. 153-167, 1897), and has pointed out that there is a valid 
name available in Liocarcvnus Stimpsoii (Bull, Mus, Comp, Zool,, 
Harvard, vol. 11, pp. 145-6, 1869) ; but most writers have refused to 
abandon the familiar name, chiefly on the grounds of inconvenience. 
In a recent study of the British species, Palmer has sought for less 
indefensible reasons, and having found only equivocal ones has 
referred the matter to the International ("ommission for a decision 
{Journ, Mar, Biol, Station, Plymouth, n. s., vol. 14, p. 877, 1927). 
Locality, — Cook Strait (Kirk). 

Distribution, — Mediterranean, west coasts of Europe and America. 

Portunus corrugatus (Pennant). 

Cancer corrugatus Pennant, Brit. Zool., 4, p. 5, PL 5, Pig. 9. 
Portunus corrugatus, Bell, Brit. Sessile-Eyed Crust., p. 94. 1853. 

Miers, Challenger Reports, Zool., vol. 17, Crust., p. 200. 1886. 

Borradaile, Bnt. Ant. Exp. 1910, Zool, vol. 3, p. 97, Pig. 9. 

1916. 

Borradaile records this species from New Zealand, where a small 
female specimen was dredged in moderately deep water at Station 
134. 

LocaliUj. — Spirits Bay, 11-20 fathoms (Borradaile). 
Distribution. — Very widespread — ^Australia, Japan, Red Sea, 
Mediterranean, W. Atlantic. 

Nectocarcinus integiifrons (Latreille). 

Portunus integrifrons Latreille, Encycl. Metli,, 10, p. 192. 1825. 

Milne-Edwards, Hist. Nat Crust., vol. 1, p. 445. 1834. 

Nectocarcinus melanodactylus Milne-Edwards, Ann, Sci., Nat., ser. 4, 
vol. 14, p. 220. 1860. 

Nectocarcinus integrifons Milne-Edwards, tom cit., p. 220. 1860. 

— Milno-Edwards, Archiv. Mus, Hist, Nat,, vol. 10, p. 406, PI. 38. 
1861. 

Miers, Zool. Erebus and Terror, Crust., p. 2, PL 1, Pig. 3 

(young). 1874. 
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Nectocarcinus mtegrifons Miers, Cat, Crust. N.Z. p. 30. 1876. 

Ilaswell, Cat, Crust. Austr,, p. 81. 1882. 

Miers, Zool. H.M.S. ‘‘ Alert,’’ p. 234. 1884. 

Filhol, Mission de Vile Campbell, p. 383. 1885. 

Fulton and Grant, Proc. Roy. Soc. Viet., vol. 19, pt. 1, p. 18. 

1906. 

Rathbun, Scientific Results Endeavour,** p. 130. 1923. 

Hale, Crust, South Austr., p. 152. 1927. 

It is hardly surprising that an Australian swimming-erab should 
turn up in New Zealand, but it is curious that while three naturalists 
from abroad have recorded it, and one has Stated that it is abundant, 
the species remains unknown to local naturalists. 

Locality. — N.Z. ( Milne-Edwards) . 

Bay of Islands (Miers). 

Cook Strait and east coast of South Island, abundant 
(Filhol). 

Distribuiion. — Australia, Tasmania. 


Nectocarcinus antarcticus (Jacq. and Lucas). 

Portunus antarcticus Jacq. and Lucas, Voyage au Pole Sud, 3, Crust., 
p. 51, PI. 5, Fig. 1. 1853. 

Nectocarcinus antarcticus A. Milne-Edwards, Archiv, Mus. Hist. Nat., 
Paris, 10, p. 407. 1861. 

Miers, Cat. Crust. N.Z,, p. 30. 1876. 

Miers, Zool., ‘‘ Erebus and Terror,” Crust., p. 2, PI. 1, Pig. 2. 

1874. 

Hutton, Trans. N.Z. Inst., vol. 11, p. 340. 1880. 

Filhol, Mission dc Vile Campbell, p. 383. 1885. 

Hodgson, ” Southern (Voss,” Crust., p. 229. 1902. 

Chilton, Subant. I si. N,Z., vol. 2, p. 608. 1909. 

Chilton, Rcc, Cant. Mus., vol. 1, No. 3, p. 291. 1911. 

Rathbun, Amtr. Ant. Exped., vol. 5, pt. 2, p. 3. 1918. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Stephensen, Th. Mortensen*s Pacific Exped., 1914-16, 40, p. 293. 

1927. 

In addition to specimens from other localities clearly belonging 
to this species we have a good scries of small crabs, including egg- 
bearing females whose breadth in some cases is only 12 mm., from 
(^olvillc Channel and off Little Barrier. We have provisionally 
referred them to this species, but they may prove to be different and 
possibly to belong to another genus. The back is more corrugated 
and the frontal and antero-lateral spines arc prominent, especially 
the pair of post-lateral spines; the latter give rise to a ridge across 
the carapace resembling the dorsal structure of Thalamita and related 
genera. 

Jacquinot and Lucas and others describe the front as 4-toothed, 
Miers as 6-toothed; the latter reckoning includes the inner orbital 
spine. 

'' It is an extremely active and pugnacious species.” (Thomson). 
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Locality. — N.Z., Auckland Islands (Miers, Hodgson). 

Auckland Islands ( Jacquinot and Lucas, Hutton, Ste- 
phensen). 

Stewart Island (W. Traill). 

East coasts of Stewart and South Islands (Filhol). 
Wellington (Hutton, Macleay Collection). 

CastleclifE (Wanganui Museum). 

'‘Nora Niven stations 2, 5, 12, 23, 26, 30, and Chat- 
ham Islands (Chilton). 

10 miles N.W. of Cape Maria; off Little Barrier, 35 
fathoms (C.C.). 

Cloudy Bay, 19 fathoms (Captain Bollons). 

The Watchman, Hauraki Gulf (6. F. Pirritt). 
Stomaclis of toad -fish (Neophrynichthys), etc. 
(E.W.B.). 

(^ommon in Otago and the adjacent seas (Thomson). 
Distribution. — Endemic, including the Auckland and Chatham 
Islands; commoner in the south. 

Thalamita sima Milne-Edwards. 

Thalamita sima Milne-Edwards, Hist. Nat. Crust., vol. 1, p. 460. 1834. 

Milne-Edwards, Archiv. Must. Hist. Nat. Paris, vol. 10, p. 359. 

1861. 

Miers, Cat. Crust, N.Z., p. 28. 1876. 

Haswcll, Cat. Crust, Austr., p. 80. 1882. 

Miers, Zool. H.M.S. “ Alert, p. 231. 1884. 

Filhol, Mmio<n de Vile Campbell, p. 382. 1885. 

Miers, ClialUmyer Reports, Zool., vol. 17, p. 195. 1886. 

Ortmann, Zool. Jahrb., vol. 7, p. 84. 1893. 

Ortmann, Zool. Forscliungsreisen in Austr., Bd. 5, lief. 1, p. 46. 

1894. 

Alcock, Jonrn. Asiatic Soc. Bengal, vol. 68, p. 81. 1899. 

liathbun, Proc. V,S. Nat, Mus., vol. 36, p. 28. 1902. 

Rathbun, V.S. Fish Commiss. Bull., pt. 3, p. 873. 1903. 

Stimpson, Smiths. MisceU. Coll., vol. 49, p. 83, PI. 11, Fig. 2. 

1907. 

Bouvier, Bull. Sci. France et Belg., vol. 48, fasc. 3, p. 79. 1915. 

Hale, Crust. S. Austr., p. 151. 1927. 

The New Zealand record of this crab depends on the label on a 
purchased specimen in the British Museum, as related by Miers (1876 
and 1884). It is on Hutton's " black list," but members of this 
family are not to be lightly excluded. 

Locality . — N.Z. (Miers). 

Distribution. — Indo-Pacific — Red Sea, Java, Japan, China, Aus- 
tralia. 

Ovalipes bipustulatus (Milne-Edwards). 

Platyonichus bipustulatus Milne-Edwards, Nouv. Archiv. du Mu^. 
Paris, 10, p. 413. 1861. 

Milne-Edwards, Hist. Nat. Crust. 1, p. 437, PI. 17, Pigs. 7-10. 

1834. 
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Anisopus trimaculata de Haan, Fauna japonica, Crust., decas. 1, p. 
13, 1833. 

Con/stes (Anisop'iis) piinctaius de Haan, op. cit*, p. 44, PI. 2, Fig. 1. 
1835. 

Portunus catharus White, Dieffenbach’s New Zealand^ vol. 2, p. 265. 
1843. 

Platyonichiis purpurea Dana, U.S. Expl. Exped., Crust. 1, p. 291, PI. 
18, Fig. 3. 1852. 

Platyoniclius hipusiulatus Miers, Zool. Erebus and Terroi% Crust., p. 
2, PI. 1, Pig. 1. 1874. 

Miers, Cat. Cnist. N.Z., p. 32. 1876. 

Miers, Proc. Zool. 8oc., p. 68. 1881. 

Miers, Challenger Beports, Zool., vol. 17, p. 202. 1886. 

Ortmann, Zool. Jahrb., vol. 7, p. 65. 1893. 

Ortmann, Zool. Forscliungm^cisen in Austr., Bd. 5, lief. 1, p. 44. 

1894. 

Ovalipes hipusiulatus Rathbun, Proc. U.S. Nat. Mus., vol. 21, p. 597. 
1898. 

Wliitelcgge, Mem. Ausfr. Mus., 4, vol. 2, p. 158. 1900. 

Ovalipc'i Irimaculatus Stebbing, 8 . Afr, Crust., pt. 2, p. 13. 1902. 

Doflein, Wiss. Ergch. Beutschen Tiefsee Exped. 1898-9, p. 92, 

1^1. 23, Pig. 6. 1904. 

Fulton and Grant, Proc. Roy. 8oc. Victoria, vol. 19, ])t. 1, p. 18. 

1906. 

Ovalipes hipmtulatus Rathlmn, Proc. IJ.8. Nat. Mus., vol. 38, p. 577. 
1910. 

(^hilton, Trans. N.Z. Inst, vol. 43, p. 554. 1911. 

(^hilton, Rec. Cant. Mils., vol 1, No. 3, p. 292. 1911. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Hale, Crust. 8. Austr., p. 147. 1927. 

The bibliography of this almost cosmopolitan crab is much more 
ext(*nsive than indicated by the above list; fortunately manv of the 
names have not entered into New Zealand literature. Different 
authors giv(' somewhat differcmt versions of the synonymy, especially 
of that of th(' earlier accounts. 

The crab is wddely distributed around the New Zealand coast ; a 
list of localities is i*ather a formality, and the authors have taken 
it in various places in addition to those listed below. It especially 
prefers a sandy beach in the immediate vicinity of rocks, and is so 
voracious and determined that it can readily be caught and hauled 
out of the water by a string baited with mussel. There appears to 
be discre])ancics in the local literature concerning the method of bur- 
rowing in the sand (ef. Chilton 1^11, p. 554, and Thomson 1913, p. 
237) ; the junior author has seen it burrow taiL first, using the fifth 
legs to root up the sand until only the eyes protrude above the 
surface. 

Locahly. — N.Z. (Miers). 

Wellington (Hutton, Australian Museum, Macleay 
Collection). 

Chatham Islands (E. R. Waite). 

Sumner, Stewart Island (C.C.). 
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Locality . — Lyttelton, Sumner, Taylor Mistake, Kaikoura, 
Timaru, Castlecliff, etc. (E.W.B.). 

Ponui Island (W. J. Barr). 

Greymouth (R. Helms). 

Robin Hood Bay, Marlborough (G. Bigg-Wit her). 
Ocean Beach, Dunedin ; very common in Otago 
(Thomson). 

Distribution . — Indo-Pacifie; Indo-Malaysian and Australian seas, 
Kcrmadec Islands, Juan Fernandez, Argentine, 
Chili, Patagonia, Trinidad Channel, Japan, ('ape of 
Good Hope. 

In the Atlantic it is represented by 0. ocdlaius. 


Ovalipes ocellatus (Herbst). 

Vlaiijonichiis ocellatus Latreillc, Encycl. MetJi.^ vol. 16, p. 152. 

Milne-Edwards, Ilut. Nat. Crml., vol. 1, p. 435. 

Bell, British Cr'usi., p. 82. 

Milne-Edwards, Arcliiv. Mus. Hist. Nat. Paris, vol. 10, PI. 36, 

Fig. 4. 1861. 

Hector, Trans. N.Z. Inst., vol. 9, p. 473, PI. 27, Pig. 1. 

Filhol, Mission de Vile Campbell, p. 383. 1885. 

A specimen of this crab from Wellington Harbour was identified 
by Hutton, and the identification verified by Miers from a drawing 
submitted by Hector. Filhol has since stated that the Paris Museum 
contaitis a fine specimen collected at Dunedin by Hutton. It has not 
otherwise bccni recorded from these shores, and if correctly identified, 
may be regarded as an occasional wanderer rather than as established 
in New Zealand waters. 

Locality. — Wellington Harbour (Hutton). 

Dunedin (Hutton, fide Filhol). 

^ Distribution. — East America (N.W. Atlantic). 


Ommatocarcinus macgillivrayi White. 

Ommatocarcinus macyillivrayi White, Appendix to Stanleif's Narra- 
tive of ILM.H. RattlesnaUe, vol. 2, p. 393, PI. 5, Fig. 1. 
1852. 

Milne-Edwards, Ann. Sci. Nat., ser. 3, Zool., vol. 18, p. 163. 

1852 

Haswell, Cat. Crust. Austi\, p. 90. 1882. 

Filhol, Mission de Vile Campbell, p. 385. 1885. 

Miers, Challenger Reports, Zool., vol. 17, Crust., p. 247. 1886. 

Stebbing, Hist. Recent Crust., p. 92. 1893. 

Chilton, Rec. Cant. Mtis., vol. 1, No. 3, p. 292. 1911. 

Thomson, Tran^. N.Z. Inst., vol. 45, p. 237. 1913. 

Ommatocarcinus Jiuttoni Filhol, l.c., p. 384, PI. 43, Pigs. 1, 2. 1885. 

The senior author (l.c., p. 292) has already united the names 0. 
macgillivrayi and 0. huttoni, and our present series (12 specimens, 
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large and small, of both sexes) confirm the conclusion that there is 
only the one species in New Zealand, though there is still room for 
doubt. In identifying our species with the Australian O, macqilliv- 
rayi there is also room for doubt, but not having had Australian 
specimens for comparison we follow previous authors on this point. 
The usage of the names has been as follows: — ^White described 0. 
macqillivrayi from a single male collected in Australia; Pilhol des- 
cribed 0. huttoni from a single female collected in New Zealand, 
and gave reasons for considering the two distinct. Miers had a young 
male and two small cgg“bearing females from New Zealand; being 
unacquainted with Pilhors work, he did not mention 0. Irutioni, and 
assigned his specimens to 0. macgillivrayi, but mentioiiv^d differences 
which, he remarked, '' will perhaps be found to be of specific import- 
ance.’" The presum])tion is that although Miers did not found a 
new species for his three small specimens, he would readily have 
referred them to 0. huitoni if he had known of that species. Our 
young males are quite similar to his, and young and older females 
connect these with what Pilhol called 0. huitoni; and wc consider 
that the older males in our collection, and those reported by j)revious 
writers, are the same species again. We follow precedent in identi- 
fying that species with the Australian 0. macgillivrayi ; although we 
have had no specimens of the latter, wc note the following points 
in which New Zealand males differ from White ’s short description : — 
The chelipeds may be five times as long as the carapace (White states 
times) ; the chelipeds have no sign of a spine at the middle; the 
wrist is not toothed on the inside; and the inner surface of the hand 
is very broadly rounded and scarcely ridged. 

The dimensions of a large male arc as follows: — 


Breadth of carapace 

17 mm. 

Ijcngth of carapace 

7 mm. 

Length of merus 

5 mm. 

Length of hand 

7 mm. 

Total length of chelipeds 

14 mm. 


On the small males, the merus has a spine on each of the two 
up])er edges, and the lower has three or four sharp spines. 

Locality. — N.Z. (Pilhol). 

Queen Charlotte Sound, 10 fathoms (Miers). 

10 miles from Cloudy Bay, 19 fathoms; Whale Rock, 
Bay of Islands, 15 fathoms (Capt. Bollons). 
Stewart Island (W. Traill). 

'‘Nora Niven” Station 19 (Chilfon). 

Bare Island, near C. Kidnappers, 37 fathoms (C.C.). 
Off Banks’ Peninsula, 20 fathoms (E.W.B.). 

‘ ' Occasionally taken in trawlers, and found in the 
stomachs of fishes, from outside Otago Heads.” 
(Thomson). 

Distribution, — ^Australia. 
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Hexniplax hirtipes (Jacq. and Lucas). 

Cleistostoma (?) hirtipes Jacquinot and Lucas, Voyage au Pole Sud, 
Zool., vol. 3, Crust., p. 69. 1853. 

Metaplax hirtipes Heller, Verhanvdl, d, k. zool.-hot, Gesellsch,, Wien, 
vol. 12, p. 251. 1862. 

Hemiplax hirtipes Heller, Voyage der Novara, Crust., p. 40, PI. 4,. 
Pig. 3. 1865. 

Miers, Cat, Crust. N.Z., p. 34. 1876. 

Filhol, Mission de Vile Camphell, p. 385. 1885. 

Miers, Challenger Reports, vol. 17, p. 251. 1886. 

Chilton, Suhanfarctic Isl. N.Z., vol. 2, p. 608. 1909. 

Macropliihalamus hirtipes Thomson, Ann, Mag, Nat, Hist,, ser. 7, 
vol. 10, p. 462. 1902. 

Thomson, Trans, N.Z. Inst., vol. 45, p. 237. 1913. 

This crab has given rise to much trouble, concerning both its 
generic position and especially its identity. The confusion is not 
lessoned by the fact that the same specific name was independently 
chosen for two supposedly difiPerent species, which we now find it 
necossar^^ to unite; assuming that the latter step is correct, the his- 
tory of the views as to its generic iiosition is briefly as follows: — 
Jacquinot and Lucas had only a single much-damaged specimen, 
and could only suggest with much doubt that it was a Cleistostoma ; 
affinities were also recognised with Mac roph thalamus. Heller, with- 
out recognition of the previous work, located it in Metaplax, but later 
founded the genus Hemiplax for it. Miers accepted this name, but 
lat(‘r suggested that it might be regarded as a subgenus of Macroph- 
thalamus. Thomson has definitely located New Zealand specimens in 
Macropliihalamus, though considering them to be different from 
Heller’s species. Etheridge and McC'uUough have accepted the 
genus Ihmiplax, and have added M. latifrons Haswell to it. We have 
retained the name Hemiplax, 

A.S regards the specific name, the problem is whether the Clcisios- 
toma hirtipes described by Jacquinot and Lucas from Samoa is the 
same as Hemiplax hirtipes described from Auckland by Heller. 
Although we have not seen the types, or specimens from Samoa, we 
have united the two, and the result is the new combination Hemiplax 
hirtipes f Jacq. and Lucas). If, however, the two are not identical, 
our species Ls Hemiplax hirtipes Heller. 

The grounds on which Heller’s species has hitherto been regarded 
as distinct consist chiefly of the smallness of the hands of the male, 
whereas in many specimens the hands are much enlarged. But Heller 
had only small specimens, and the same is true of Miers (1876) and 
Hutton (MS. and named specimens), at least as far as is definitely 
known. We have a large series from a great number of localities, and 
regard males with small hands as conspecific with lar^-handed males ,* 
the final shape and proportions are acquired, according to this view, 
at a late stage of development. There seems to be no other distin- 
guishing feature, and both types arc present in collections from the 
same locality. The only doubtful point, which may not carry any 
weight, is that one large male in our collection has a large hand 
and a small one, evidently the result of incomplete regeneration ; and 
the small hand does not resemble the hand of females or small males. 
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but— except in ske — ^the large hand of large males; which might 
possibly be interpreted to mean that the males with large and with 
small hands respectively belong to different species. But the course 
of development during regeneration is a matter on which experimen- 
tal work is required, and incidentally we commend the problem to 
naturalists. If, however, the above interpretation be adopted without 
further evidence, where are the young males of the species with largo 
hands ? 

There remains the statement by the Hon. G. M. Thomson (1902) 
that Macrophthalamus liirtipes Jacquinot and Lucas ‘‘has hitherto 
been confused with Ilemiplax hirtipes Heller, a species from which 
it is quite distinct. ’ ’ He added, and repeated in 1913, that Macroph- 
thalamus hirtipes is common in Otago. The two names were included 
as distinct species in the Index Faunae N.Z., a view with which we 
disagree. We do so the more readily because in 1917 Mr. Thomson 
sent some specimens from Portobello to the senior author, and stated : ♦ 
I am half inclined to think that this species [Hemiplax hirtipes] is 

only the young stage of Macrophthalamus hirtipes I have one 

crab labelled Macrophthalamus hirtipes, but it seems only a large 
form of those I have posted you.’^ We have interpreted this as a 
retraction of the former view, and acquiesce thendn. 

In three of our largest males, including a pair from Akaroa, the 
hands arc more elongated than is usual in large males, with longer 
and thinner fingers ; and the upper edge of the movable finger makes 
a noticeably more acute angle with the upper edge of the palm. The 
difference is sufficient to distinguish a new species if it is found to be 
constant in a good series. The Akaroa specimens were taken 
among rocks on a mud-flat near high-water mark by the junior author 
in 1921 ; they were almost white in colour, and had brilliant reddish- 
brown spots which showed up much more conspicuously than those 
of the usual dark-coloured specimens, and might well be compared 
with those of the shrimp Leander affinis. Such colour-differences may 
perhaps be the result of recent cedysis. 

Locality , — Auckland Harbour (Heller). 

New Zealand, Queen Charlotte Sound (Miers). 

North, South, Stewart, and C^ampbell Islands (Pilhol). 

Sumner, Dunedin (Hutton, MSS.). 

Ponui Island, Hauraki Gulf (G. P. Pirritt). 

Dunedin (Austr. Museum). 

Wellington (Macleay Collection, Sydney). 

Okarito Lagoon (C. E. Poweraker). 

Stewart Island, Heathcote Estuary, Tauranga; mud 
flats and Zostera beds between tides (W. B. B. 
Oliver). 

^Wery common on sand-banks in Otago Harbour and 
shallow bays along the coast. It is an active and 
most aggressive species.’’' (Thomson). 

Otago Harbour (G. R. Marriner, etc). 

Heathcote Estuary, Kaikoura, etc., on mud flats and 
Zostera beds, with Hemigrapsus crenulalus, but not 
extending as far altitudinally. (C.C. and E.W.B.). 

Bistrihufion. — Endemic. 
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Uca huttoni (Pilhol). 

Gelassimus huttoni Filhol, Mission de Vile Campbell, p. 386, PL 45, 
Figs. 1-3, 8-10. 1885. 

The familiar and long-used name Gelasimus must be replaced, 
as various authors have regretfully acknowledged, by Leaches earlier 
name TJca, of which it has proved to be a simple synonym (see Rath- 
bun, Proc. BioL Soc, Washington, vol. 11, p. 154, 1897 ; Ortmann. 
ZooL Jahrh., vol. 10, pp. 335 and 346, 1897 ; Stebbing, Marine Investig, 
in S, Afr., vol. 4, p. 39, 1905). 

The whole genus requires revision, as demanded by Ortmann 
(I.C., p. 354) and Bouvier {Bull, Sci Fr. et Belg., vol. 48, fasc, 3, p. 
123, 1915). Bouvier, for example, considers most of the characters 
used in determining the various species to be inadequate, especially 
those of the male hand, which are variable and do not take the female 
into account. Milne-Edwards has made use of two reliable characters, 
the relative width of the front and the granulous lines of the upper 
orbital edge, forming a supra-orbital space ; Bouvier also draws atten- 
tion to the outer orbital channel formed by the angle of the carapace 
and the lower orbital margin. More recently, Stebbing has eharac- 
t(‘rized the genus in Ann, Durban Mtis,, vol. 2, j). 15, 1917. 

The validity of the two New Zealand species is not beyond doubt. 
If the desired revision of Vea shows a new genus to be necessary, 
Pilhors misspelling cannot be taken as a new name. 

Locality, — Near Otago Harbour (Filhol; collected by Hutton). 
Distribution. — Endemic, 

Type. — Paris Museum. 

Uca thamsoni (Kirk). 

Ochisimus thomsoni Kirk, Trans. N.Z. Inst., vol. 13, p. 236. 

Filhol, Mission dc Vile Campbell, p. 387. 1885. 

Miers, Challenger Reports, ZooL, vol. 17, p. 241. 1886. 

Locality. — "Wellington (Kirk). — Filhol remarks, without any 
apparent grounds, that it appears to be common 
enough; but if so, it would no doubt have become 
familiar to local naturalists. 

Distribution. — Endemic. 

Heloecius cordiformis (Milne-Edwards). 

Cflasimus cordiformis Milne-Edwards, Hist. Nat. Crust., vol. 2, p. 53. 
1837. 

llcloecius cordiformis Dana, Proc. Acad, Nat, Sci. Philad., vol. 5, p. 
248. 1851. 

Heloecius inornatus Dana, l.c,, p. 248 1851. 

llcloecius cordiformis Dana V.S. Explor. Exped., vol. 13, Trust. 1, 
p. 320, PL 19, Pig. 6. 1852. 

Heloecius inornatus Dana, l.c., p. 321, PL 19, Pig. 7. 1852. 
Heloecius areolatus Heller, Verhandl. d.k.k. Zool.-Bot, Gesellsch. in 
Wiesi, Bd. 12, p. 519. 1862. 

Heloecius signatus Hess, Archiv. /. Nat., Bd. 31, p, 145. 1865. 
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Heloecius cordiformis ITellor, Beisc der Novara, Crust., p. 39. 1865. 

Miers, ('at. Crust. N.Z., p. 35. 1876. 

Haswell, Cat. Crtisi^ Austr., p. 91. 1882. 

Filhol, Mission de Vile Campbell, p. 387. 1885. 

Fulton and Grant, Proc. Boy. Soc. Victoria, vol. 19, p. 18. 1906. 

We have not j?iven the later synonymy of this crab, which pro* 
bably does not occur in New Zealand. The record is one of those 
depending: on Miers, and has been questioned by Hutton and struck 
off in his MS. We have seen nothing like it in collections of New 
Zealand Crustacea. 

Localiiy. — N.Z. (Miers). 

Not N.Z. ? (Hutton). 

Distribution. — Australia, Tasmania. 

Epigrapsus politus Heller. 

Epigrapsus politus Heller, VerJi. zool.-bof. Ges. Wien, p. 522. 1862. 

Necfograpsus politus Heller, Voyage der Novara, Crust., p. 17. 1865. 
Epigrapsus politus Kingsley, Proc. Acad. Philadelphia, p. 192. 1880. 

Miers, Challenger Beports, Zool., vol. 17, Crust., p. 266. 1886. 

Ortmann, Zool. Jalirh., vol. 7, Syst., p. 703. 1894. 

Alcock, Journ. Asiat. Soc. Bengal, vol. 69, p. 443. 1900. 

Lenz, Zool. Jahrb., vol. 14, h. 5, p. 471. 1901. 

This species is recorded from New Zealand by Lenz; a\o have 
seen no specimens. 

Locality. — French Pass (Lenz). 

Pachygrapsus transversus Gibbes. 

Pachygrapsus transversus Gibbes, Proc. Amcr. Assoc. Adv. Sci., vol. 
3, p. 181. 1850. 

Miers, Challenger Beports, vol. 17, Crust., p. 259. 1886. 

Lenz and Strunck, Deutsche Sudpolar Exped., vol. 15, p. 284. 

1914. 

The last-named authors include New Zealand in their statement 
of the distribution of this crab, but the reference requires verification. 
The species is widely distributed in the warmer seas, especiallj" the 
Atlantic, and is reported from Australia and Tahiti. 


Grapsus grapsus (Linnaeus). 

Cancer grapsus Linnaeus, Syst. Naturae, ed. 12, p. 1048. 1766. 
Grapsus pictus Miers, Cat. Crust. N.Z., p. 36. 1876. 

Grapsus pictus Filhol, Mission de Vile Campbell, p. 387. 1885. 
Grapsus mcLculatus Whitelcgge, Mem. Austr. Mus., 3, 2, p. 139. 1897. 
Grapsus grapsus Borradaile, Proc. Zool. Soc., p. 592. 1900. 

Rathbun, Proc. Acad. Sci. Washington, vol. 4, p. 278. 1902. 

Rathbun, Proc. TLS. Nat. Mus., vol. 38, pp. 547, 588. 1910. 

Lenz and Strunck, Deutsche Sudpolar Exped., Bd. 15, h. 3, p. 

183. 1914. 

Rathbun, V.S. Nat. Mus. Bulletin No. 97, p. 227, Fig. 185. 1917. 
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Although this crab has an enormous distribution, and may very 
well occur in New Zealand, it is not typically a South West Pacific 
species. The records are not entirely convincing, and Hutton has 
proposed to exclude the species from the list; but it is included in 
the Index, There is a specimen from Kapiti Island in the Wanganui 
Museum labelled Grapsus pictus, but it is Leptograpsus variegatus. 

Locality . — N.Z. ( Miers) . 

Auckland Harbour (Filhol). 

Distribution. — Tropical Indo-Pacific and Atlantic regions, abun- 
dant ; the distribution is quite circumtropical (Ort- 
mann) . 


Leptograpsus variegatus (Fabricius). 

Cancer variegatus Fabricius, Ent. Syst., vol. 2, p. 450. 1793. Suppl., 
p. 343, No. 30. 

Grapsus variegatus Latrcille, Hist. Nat,, Crust., vol. 6, p. 71. 1803. 

Nioolet, in Gay’s Hist, de Chili, vol. 3, p. 167. 1849. 

Guerin, Icon, du liegne Animal, Crust., PI. 6, Fig. 1. 

Grapsus personatus Lamarck, Hist. Anim. sans Vert., vol. 5, p. 249. 
1818. 

Latrcille, Encycl. Meth., vol. 10, p. 147. 

Grapsus strigilatus White, in Gray’s Zool. Miscell., p. 78. 1842. 

Dieffenbach, New Zeedand, vol. 2, p. 265. 1843. 

Grapsus planifrons Dana, Proc. Acad. Nat. Sci., Philad., p. 249. 1851. 

Dana, TJ.S. Expl. Exped., vol. 13, (Vust., pt. 1, p. 338. 1852; 

and Atlas, PI. 21, Figs. 3a-3c. 1855. 

( ’uiiningham, Trans. Linn. Soc., Zool., vol. 27, p. 492. 1871. 

Grapsus variegatus Milne-Edwards, Hist. Nat. Crust., vol. 2, p. 87. 
1837.' 

llaswcll, Cat. Crmt. Austr., x>- 97. 1882. 

Whiteleggc, Mem. Austr. Mus., vol. 2, p. 160. 1900. 

Miers, Cat. Crust. N.Z., p. 36. 1876. 

Leptograpsus variegatus Filhol, Mission de Vllcr Campbell, p. 388. 
1885. 

Micis, Challenger Reports, Zool., vol. 17, p. 257. 1886. 

Fulton and Grant, Proc. Roy. Soc. Viet,, vol. 19, pt. 1, p. 19. 

1906. 

Rathbun, Proc. U.8. Nat. Mus., vol. 38, No. 1766, pp. 547, 588, 

PI. 45, Fig. 2. 1910. 

Chilton, Trans, N.Z. Inst., vol. 43, p. 560. 1911. 

Grapsus (Leptograpsus) variegatus Borradaile, Bnt. Antarct. Exp. 

1910. Zool, vol. 3, p. 101. 1916. 

Leptograpsus variegatus Rathbun, U.8, Nat. Mus., Bull. 97, p. 234, 
PI. 56. 1917. 

Hale, Crust. 8. Austr., p. 180. 1927. 

Miss Rathbun (l.c., 1910, p. 234) also quotes as sjuionyms the 
following names proposed by Milne-Edwards: Leptograpsus ansoyii, 
L. gayi, L. verreauxi. The variability and the wide distribution of 
this crab account for the extensive bibliography. 
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A large male in our collections has the following dimensions: — 


Length of carapace 58 mm. 

Breadth of carapace 68 mm. 

Length of arm 92 mm. 

Length of hand 51 mm. 

Breadth of hand 29 mm. 


Locality, — N.Z. (Milne-Edwards, Filhol) . 

Bay of Islands (Borradaile). 

Cuvier Island (Grenfell and Barr, G. E. Archey). 

Bay of Islands, North coast of Mahia Peninsula, Slip- 
per Island (G. E. Archey). 

Portland Island, Hawke’s Bay (C. Ricsop). 

Cape Maria van Dieman (T. B. Smith). 

Eastern Chicken Island, Auckland (C.C.). 

Kapiti Island (Wanganui Museum). 

Castlecliflf (E.W.B.). 

Common on shores of the North Island, one of the 
most active of our shore crabs. 

Distribution, — ^Kcrinadcc Islands (Hutton, Oliver), Australia, 
Norfolk Island, Marianne Islands, Shanghai, Chili, 
Peru, St. Ambrose Islands, Juan Fernandez, Per- 
nambuco, etc. 


Hemigrapsus sexdentatus (Milne-Edwards). 

Cyclograpsus sexdentatus Milne*Edwards, Hist, Nat, Crust,, vol. 2, 
p. 79. 1837. 

White, Dieffenbach ’s New Zealand, vol. 2, p. 266. 1843. 

Hemigrapsus sexdentatus Dana, IJ,8, Explor, Exped,, Crust., 1, p. 
348, PI. 22, Fig. 2. 1852. 

Milne-Edwards, Ann, Sci, Nat., ser. 3, vol. 20, p. 192. 1853. 

Miers, Cat. Crust N.Z,, p. 37. 1876. 

Kingsley, Froc. Acad. Nat. Sci,, Philad., p. 207. J880. 

Filhol, Mission de Vile Campbell, p. 388. 1885. 

Brachynotus edwardsii Hilgendorf, Siti. Gescllsch. Frcundc zu Ber- 
lin, p. 68. 1882. 

Miers, Challenger Reports, Zool., vol. 17, Crust., p. 264. 1886. 

Heterograpsus sexdentatus Haswell, Cat. Crust. Austr., p. 100. 1882. 

Lenz, Zool. Jahrb., vol. 14, p. 472. 1901. 

Thomson, Trans, N.Z. Inst., vol. 38, p. 546. 1906. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 237. 1913. 

Filhol has described the way in which the colour spreads as 
growth proceeds. In addition to these differences due to age, there is 
considerable variation in the colouring, and specimens may be classi- 
fied roughly as light or dark. The lighter ones have either a grey or 
a cream-coloured background with markings of light or dark chestnut- 
red ; those of the other series arc marked with a dark purple, showing 
a violet blush, this colour being sometimes intensified on the carapace 
to a purplish black. In the darker series, the legs are usually trans- 
versely banded with broad areas of grey, chiefly — ^though not exclu- 
sively — around the joints. In large specimens the colour may be 
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extended over the whole carapace, but usually the front half is more 
deeply pigmented than the posterior; the merus and upper surface 
of the hand are of the same rich colour as the adjacent parts of the 
carapace. 

The edge of the carapace is raised into a low ridge, which is 
lightly granulated all round, except along the posterior edge. The 
carapace is faintly granulated, especially antero-laterally ; the hands 
are microscopically granulated ; the subhepatic region is shortly pubes- 
cent; the last joint of each walking-leg has two grooves and the 
penultimate one groove on each surface. This sculpture is not prom- 
inent, and the crab is remarkably smooth all over. 

The palm is much enlarged in the maje. The fingers are com- 
paratively thin, especially the movable one, which is also longer and 
slightly curved. The teeth are regular, decreasing in size towards the 
tip, low and fiatly rounded. The wide gape at the base of the fingers 
is mostly filled by a large membraneous pad. The fingers are sharply 
pointed, and tipped with brown. In the hand of the female, a faint 
ridge runs along the palm along the outer surface to the tip of the 
fixed finger, as for example in Leptograpsus, 

The female abdomen is very large, circular, last segment rounded- 
trigonous; eggs extremely numerous, 0.5 mm. in diameter. 

The order of size for the four pairs of walking-legs is: — 2nd, 
3rd, 1st, 4th. The male arm is longer than any, the female equal to 
the fifth pair. 

This species, though found everywhere, is less numerous than 
some of the gregarious species, and is far from being the most abun- 
dant species of Crustacea, as Filhol claimed. It maj^ be said to be 
the most conspicuous crab among intertidal rocks. 

As indicated in the following measurements, the relative width 
of the carapace is variable: — 


Length of carapace (female) 

38 

mm. 

(male) 

47 

Breadth of carapace „ 

44 



57 

Length of arm „ 

42 



90 

Length of hand „ 

22 

V 

n 

60 

Breadth of hand „ 

11 


it 

31 


As regards the distribution, a letter from the late A. E. McCul- 
loch, of the Australian Museum, states: This species appears to have 
been first recorded from Australia by Haswell, who included New 
South Wales and Victoria in its habitat, though he placed a ? after 
each. Four specimens are in the Australian Museum labelled 
Ileterograpsus sexdeniatus, New South Wales which are 
doubtless some of those on which the records are based, but they are 
incorrectly identified, being Clidsniagnathiis laevis, to which H. sex- 
dentaius bears some resemblance. 

No Victorian specimens are included in the collections of either 
the Australian Museum or the Macleay Museum, nor was it obtained 
by the late Mr. F. E. Grant, who collected in many parts of Port 
Phillip; the species was also omitted from the Census of Victorian 
Decapod Crustacea by Fulton and Grant. The records of H. sexden- 
iatus from Australia may therefore, I think, be regarded as incor- 
rect.'^ 
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Locality, — N.Z. (Milne-Edwards; Macleay and Austr. Museums, 
Sydney). 

Auckland Harbour to Stewart Island, abundant; not 
at Campbell Island (Filhol). 

Eangitoto, rocks and mud (W. R. B. Oliver, T.N.Z.I. 
54, 542). 

Portland Island (C. Riesop, G. B. Archey). 

Bay of Islands (Dana, G. E. Archey). 

Puysegur Point (J. Pottinger, T. B. Smith). 

Cape Campbell (G. F. Pirritt). 

Wellington (Hutton). 

French Pass (Lenz). 

Robin Hood Bay, Marlborough (G. Bigg-Wither). 

Otago Harbour (G. R. Marriiier). 

Po’nui Island (W. J. Barr). 

Auckland (H. Suter). 

Stewart Island (A. W. Parrott). 

''An extremely common shore'crab, occurring between 
tide marks, usually under stones (Otago). (Thom- 
son). 

Waitangi, Onehunga, Lyttelton, Heathcotc, Akaroa, 
Port Chalmers, etc. (C.C.). 

Auckland; Lyttelton, Sumner, Governor’s Bay, Oha- 
hoa Bay, etc. — all round Banks’ Peninsula; Kai- 
koura; intertidal pools, among loose rock, and 
especially under stones on sandy beaches, often with 
//. crenulaius (E.W.B.). 

Distrih uHon . — Endemic. 


Hemigrapsus crenulatus (Milne-Edwards). 

Grapsiis crenulatus Guerin, Voyage de la Coquille, Crust., vol. 1, pt. 
2, p. 15. 

Cyclograpsus crenulatus, Milne-Edwards, Hist, Nat, Crus!,, vol. 2, p. 
80. 1837. 

Hemigrapsus crenulatus Dana, V.S, Explor, Exped,, vol. 13, Crust., 
pt. 1, p. 349. 1852; and Atlas, PI. 22, Fig. 3. 1855. 
Heterograpsus crenulatus Milne-Edwards, Ann, Sci, Nat,, ser. 3, vol. 
20, p. 193. 1853. 

Heterograpsus harhimanus Heller, Voyage der Novara, Crust., p. 53, 
PI. 4, Pig. 5. 1865. 

Heterograpsus crenulatus Miers, Cat. Crust, N.Z., p. 38. 1876. 

Filhol, Mission de Vile Campbell, p. 389. 1885. 

Thomson, Trans. N.Z, Inst., vol. 45, p. 238. 1913. 

Heterograpsus sanguineus Lenz, Zool. Jahrb., SuppL, vol. 5, p. 765. 
1902. (Not of Milne-Edwards). 

Hemigrapsus crenulatus Rathbun, Proc. U,8. Nat. Mus., vol. 38, No. 
1766, pp. 589, 618. 1910. 

Rathbun, U.8. Nat. Mus., Bulletin No. 97, p. 266, PI. 68. 1917. 

This species is distinguished from H. sexdentatus by the smaller 
size, the hairs on the legs, the " barbimanus ” condition of the hand 
of the male, etc. It is much less handsome, and the colours much 
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duller. It is commonly of an ochreous shade, with reddish-brown 
spots on the upper surface of the carapace and limbs. Usually the 
spots are prominent and almost continuous, especially on the cara- 
j)ace; they are then of a deeper shade, varying from red and brown 
to dark purple, and such specimens have large reddish spots across 
the top of the hand and the movable finger, and sometimes also the 
movable finger. The outer surface of the hands is a deep yellowish 
cream, and the hairs on the legs are coloured a very pale raw umber. 

The orbits and lateral teeth vary somewhat in shape. The back 
is more rounded in the female, the gastric region especially being 
raised. There is no doubt that Miers was correct in uniting Heller’s 
H, barbimanus with this species. The males are much larger than the 
females, and have enlarged equal hands. Specimens from Zostera 
beds at Akaroa have filamentous algae {EnteromorpJia ?) on the legs; 
as in the masking crabs, it is the pilose regions which are affected by 
the algae. The line on the hand, referred to in the case of H, sexdert’ 
tatus, is present, and more prominent; it is granulated, and some- 
times accompanied by rows of punctulations along the fixed finger. 

Differences from II. scxdcntatus have already been noted; the 
species may also be distinguished from the superficially similar crabs 
Ucmiplax Jurtipcs and II dice irassa (which are also mud-burrowers, 
and are correspondingly coloured), by the shape of the orbits, which 
are short and rounded, and not continued to the side of the carapace, 
as in the species named. The three lateral teeth at once distinguish it 
from Flams minutus and from Cydograpsus lavauxi. 

The dimensions of the largest male and of the largest female in 
our collections are as folloA\s: — 


Length of carapace (male) 

27 

mm. 

(female) 

22 : 

mm. 

Breadth of carapace „ 

32 


yy 

25 

yy 

Length of arm „ 

42 


yy 

23 

yy 

Length of hand „ 

24 

yy 

yy 

11 

yy 

Breadth of hand „ 

12 

yy 

yy 

5.5 

mm 


The habits of this crab require more detailed study. In the 
Heathcot^ Estuary, for example, it burrows in the mud flats, and also 
along clay banks ; at Kaikoura it is common under fragments of rock, 
where the substratum is too stiff for the crab to be able to burrow; 
at Sumner, large specimens occur with II . sexdcntaius under rocks on 
a sandy beach; at Taylor’s Mistake it occurs in rock pools on a reef 
where there is no sand or mud and no opportunity of burrowing; at 
Kairaki Beach, at the mouth of the Waimakariri River, it burrows in 
stiff sand well above high-water mark. In the latter case it is half a 
mile from the sea, and some hundreds of yards from the river; and 
the burrows do not extend down to the level of the water. It is 
interesting to note that such diverse habits should be exhibited by 
a single species. 

The distribution of this species suggests a link with South 
America; but according to Ortmann it is also closely related to H. 
eryihraeus (Kossniann) from the Bed Sea. 
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Locality, — ^N.Z. (Miers; Macleay Collection). 

Bay of Islands (Dana). 

Very abundant on all coasts, including Setwart Island 
(FiUiol), 

Under stones between tidemarks, but not very com- 
mon (Otago). (Thomson). 

Sumner (Hutton). 

Heathcote Estuary (W. R. B. Oliver, etc.). 

Auckland Harbour (H. Suter, W. R. B. Oliver)). 
Ponui Island (W. J. Barr). 

Port Chalmers (C.C.) and Dunedin (Thomson) ; iden- 
tified by Rathbun (1917). 

Okarito, Westland (C. E. Foweraker). 

Puysegur Point (T. B. Smith). 

Otago Harbour (G. Marriner). 

Stewart Island (A. W. Parrott). 

Lyttelton, Heathcote, Akaroa, Port Chalmers, Wai- 
tangi Beach, Onehunga, Hokianga (mangrove swamp 
at Rawene) (C.C.). 

Auckland Harbour, Castlecliff, Akaroa, Kaikoura, 
Banks’ Peninsula, Kairaki, etc. (E.W.B.). 
Distribution, — Chili, west coast of Patagonia. 

Hemigrapsus maculatus (Milne-Ed wards). 

Heterograpsus maculatus Milne-Edwards, Ann, Sci, Nat,, ser. 3, vol. 
20, p. 193. 1853. 

Miers, Cat, Crust, N,Z., p. 39. 1876. 

Filhol, Mission de Vile Campbell, p. 389. 1885. 

Ilaswell, Cat, Crust, Austr,, p. 101. 1882. 

The occurrence of this species in New Zealand is very doubtful. 
We cannot separate the crabs which we have called II, sexden- 
taius into two species, though two main types of coloration have been 
described above. The S-shaped line of small pits, separating the epi- 
and meso-branchial lobes, may be made out, but they are not distinct, 
as Milne-Edwards states to be the case in H, maculatus. 

The species is excluded from our fauna by Hutton in his earlier 
critical list; it is queried but not struck out in his manuscript, and 
retained in the Index Faunae N,Z., no doubt on Filhol ’s authority. 
There are specimens labelled II, maculatus in the Macleay Museum, 
and we have seen nothing like these in any collections of New Zea- 
land Crustacea. Filhol, however, has distinguished the species from 
H, sexdentatus, and has stated that it occurs from Auckland to 
Foveaux Straits — ^that is, it is coextensive with the other two species 
As for the distribution, PoljTiesia has been mentioned, but has been 
queried by Haswell. 


Planes minutus (Linnaeus). 

Cancer minutus Linnaeus, Syst, Nat,, Ed. 10, p. 1048. 1766. 

Planes minutus Dana, U,S, Explor,, Exped., vol. 13, pt. 1, p. 346. 
* 1852 

Miers, Cat. Crust. N.Z., p. 39. 1876. 
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Haswell, Cat, Crust, Ausftr,, p. 99. 1882. 

Filhol, Mission de Vile Campbell, p. 390. 1885. 

Fulton and Grant, Proc. Roy, Soc, Viet., vol. 19, pt. 1, p. 19. 

1906. 

Hale, Crust. S. Austr., p. 181. 1927. 

In New Zealand, apart from a doubtful record by Miers, only 
one specimen has yet been found. It would be extraordinary 
if the species did not turn up in our waters, even if only occasionally, 
for it occurs in all seas, especially the Atlantic, clinging to floating 
objects, such as seaweed, wood, cuttle-fish pens, etc. ; on account of its 
abundance in the Sargassum areas it is commonly known as the 
“gulfweed crab.’’ 

Locality. — N.Z. (Miers). 

Moko Hinau; a single specimen, washed ashore on a 
piece of pumice (C. E. Gow). 

Distribution . — Throughout tropical and temperate seas. 

Cyclograpsus white! Milne-Edwards. 

Cyclograpsus wJiitei Milne-Edwards, Ann. Sci. Nat., vol. 20, p. 197. 
1853. 

Filhol, Mission de Vile Campbell, p. 391. 1885. 

Cyclograpsus lavauxi (part) Miers, Cat. Crust. N.Z., p. 41. 1876. 

(part) Haswell, Cat. Crust. Austr., p. 104. 1882. 

Chilton, Trans. N.Z. Inst., vol. 43, p. 560. 1911 (not of Milne- 

Edwards). 

This species was very briefly characterized by Milne-Edwards, 
and disallowed by Miers, who (without seeing specimens) suggested 
that it was only a variety of C. lavauxi. Filhol has admitted the 
validity of the species by stating that specimens are in the Paris 
Museum, for he had access to the collections there ; but he has shown 
such deference to the determinations of Milne-Edwards that this is 
hardly an additional argument in favour of the validity of the species. 
It is therefore satisfactory to be able to decide quite definitely upon 
this point, from a study of our own specimens. 

C. wiiitei is a valid species, and the distinctive characters may 
be conveniently stated in the form of a comparisoji with the 


commonsr species. 



C. lavauxi. 

C. tchitei. 

Regions 

Regions defined; front with 
longitudinal furrow. 

Regions not defined; carapace 
quite smooth except for 
faint transverse groove in 
gastric region. 

Front 

Strongly depressed 

Still more depressed; at right 
angles to carapace. 

Carapace 

Length 16 mm., breadth 21 
mm., ratio 1:1.3 (somewhat 
variable). Sometimes 
broader in front than pos- 
teriorly, especially in fe- 
male, but also variable. 

Length 18.5 mm., breadth 22 
mm., ratio 1:1.2; slightly 
narrower in front than pos- 
teriorly. 

Edge of 
carapace 

Finely granulated. 

Smooth. 
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C. lavauxi. 

Orbits 

Small but well incised; outer 
corner raised to a point 

Third joint 
of external 
maxillipeds 

Subquadrate; length scarcely 
exceeding breadth; distal 
end truncate. 

Legs 

Slender, compressed. 

Tarsi 

Long, slender, with six lines 
of short and very dark 
hairs running whole length 
of tarsus. 


C, ivhitei. 

Very small; not forming a 
raised point at the outer 
corner; eyes very small. 

Elongate, length nearly 
times breadth; distal end 
distinctly produced on inner 
side. 

Robust, very slightly com- 
pressed. 

Short, thick, with hairs only 
at the tip, but with punctu- 
lated lines through the 
whole length. 


Of these characters, those relating to the orbits, maxillipeds, and 
tarsi arc the most distinctive. There are other differences besides the 
above; thus in the ambulatory legs, the longitudinal ridge on the 
front and hinder surfaces of the last three joints are less distinct 
than in the case of G. lavauxi; and the same applies to the gi’anu- 
lated ridge on the upper edge of the mcrus of the same limbs. The 
penultimate joint of the male abdomen is not as swollen as in C. 
lavauxi. The arm of the female has a few long hairs on the anterior 
edge of the carpus and merus. The dimensions of the tarsi may be 
indicated from those of the last pair of legs ; in C. whitei, the length 
of the tarsus is equal to the breadth of the merus, but in C. lavauxi 
the ratio is li (Filhol’s figure is inaccurate in this respect). 

The fingers of the hand of the female leave only a small gap 
when closed; they are regularly and prominently denticulate. The 
hands of the male are larger, and the fingers leave a wide gap at the 
base; they are sometimes denticulated as in the female (3 of our 
specimens), but usually the teeth are obsolete (4) or absent (5). 

Neither species is entirely destitute of hairs, ’’ as Miers states. 
There are shoii: but distinct hairs on the edges of the abdomen and 
sternum, especially in the female, on the maxillipeds (densely at the 
base), and over the whole pterygostomial and subhcpatic regions. 

Locality , — N.Z. ( Miers ) . 

Our New Zealand specimens w^ere placed in a jar containing C. 
lavauxi before it was noticed that the two species were distinct, so 
that the locality or localities are not known; but from MSS. notes 
we infer that our specimens came from one of the last five localities 
quoted under C. lavauxi. 

Distribution . — ^Kermadecs (Chilton, Ic.). 

Cyclagrapsus lavauxi Milne-Edwards. 

Cyclograpsus andouimi Dana, U.8. Expl, Exped., vol. 13, Crust., pt. 

1, p. 359, PL 23, Fig. 2. 1852. (Not of Milne-Edwards). 
Cyclograpsus lavauxi Milne-Edwards, Ann. Sci. Nat., vol. 20, p. 197. 

1853 

Cyclograpsus laevis Hess, Archiv. fur Naturg., Bd. 31, p. 152. 1865. 
Cyclograpsus lavauxi Miers (part). Cat. Crust. N,Z,, p. 41. 1876. 
Filhol, Mission de Vile Campbell, p. 390, PI. 41, Figs. 4-6. 1885. 
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Cyclograpsus punctatus Ortmann (part, not of Milnc-Ed wards), Zool. 
Jdhrh., vol. 7, p. 729. 1894. 

Ortmann (part), Zool, Forschungsreisen in Austr,, vol. 5, p. 57. 

1894. 

Cyclograpsus lavauxi Thomson, Trans. N.Z. Inst., vol. 45, p. 288. 

1913. 

Lenz and Strunck, Deutsche Sudpolar Exped., vol. 15, p. 288. 

1914. 

The diameter of the eg^s is only 0.2 mm. A pair of specimens 
of this crab were taken in copula on Nov. 28, 1927, beneath a pile of 
intertidal rocks near Godlcy Heads. They were not in the water, 
and their prc'senee was first detected by clicking sounds made by 
rapid movements of the mouthparts, almost like distant artillery. 
When unearthed, they were found to be '' frothing at the mouth,'’ as 
many Grapsoid crabs do when imprisoned in a bottle. 

Filhol remarks that his sjiecimens from Stewart Island appear 
to be smaller than those from Cook Strait and Auckland. Some 
details concerning the species have been given above under C. whifei. 

Ortmann (l.c., both references) has quoted C. punctatus Milne- 
Edwards from New Zealand. This is not a new record, as he identi- 
fies C. lavauxi Miliie-Edwards and C. audouini IVIilne-Edwards with 
that species. Lenz and Strunck (l.c.) have disagreed with this con- 
clusion. 

Locality. — N.Z. (Milne-Ed wards, Miers). 

Fairly common, from the extreme north to the extreme 
south (Filhol). 

Portland Island, Bay of Islands, Lyttelton Harbour 
(G. E. Archey). 

Sumner (Hutton). 

(’ommon in Otago under stones between tide marks 
(Thomson). 

Common in Queen Charlotte Sound, Picton, etc.; 
many specimens collected all round the coast of 
Auckland; Moko Hinau, Hen and Chickens, etc. 
(C.C.). 

Kaikoiira, abundant among rock debris ; Sumner, com- 
mon among stones; Taylor’s Mistake, Godley Heads,. 
Lyttelton Harbour; Castlecliff (E.W.B.). 

Portland Island ((\ Riesop). 

Stephens Island (T. B. Smith). 

Akaroa (C.C.). 

Robin Hood Bay, Marlborough (G. Bigg-AVitherL 
Dunedin (G. Marriner). 

Distribution. — Australia. 

Ohasmagnathtts subquadratus Dana. 

Chasmagnathus subquadratus Dana, TJ.S. Explor. Exped., vol. 13,. 
‘ Crust., pt. 1, p. 363, PI. 13, Fig. 5. 1852. 

Miers, Cat. Crust. N.Z., p. 42. 1876. 

Filhol, Musion de Vile Campbell, p. 391. 1885. 

Haswell, Cat. Crust. Au^tr., p. 106. 1882. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 238. 1913. 

Hutton has queried the occurrence of this crab in New Zealand,, 
and it is not kno^vn in New Zealand. 
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Chasmagnathus laevis Dana. 

Chasmagnaihus laevis Dana, V,S, Explor, Exped., vol. 3, Crust., pt. 
1, p. 365, PI. 23, Pig. 7. 1852. 

Miers, Cat. Crust N.Z., p. 42. 1876. 

Haswell, Cat. Crust Austr,, p. 106. 1882. 

Miers, Zool. H.M.S. p. 246. 1884. 

Pilhol, Mission dc CIlc Campbell, p. 391. 1885. 

Fulton and Grant, Proc. Roy. Soc. Victoria, vol. 19, pt. 1, p. 19 

1906. 

This species depends on Miers* record, and, like the last, has been 
queried by Hutton. 

Distribution . — Australia. 


Helice crassa Dana. 

Helice crassa Dana, Acad. Nat. Sci. Philadelphia, p. 252. 1851. 

Dana, U.S. Explor. Exped., vol. 13, Cniat., pt. 1, p. 367, PI. 23, 

Fig. 8. 1852. 

Milne-Edwards, Ann. Sci. Nat., vol. 20, p. 190. 1853. 

Heller, Reise der Novara, Crust., p. 61. 1868. 

Miers, Cat. Crust. N.Z., p. 43. 1876. 

Kingsley, Proc. Acad. Nat. Sci. Philadelphia, p. 220. 1880. 

Haswell, Cat. Crust. Austr., p. 107. 1882. 

Pilhol, Mission de Vile Campbell, p. 391. 1885. 

Thomson, Trans. N.Z. Inst., vol. 45, p. 238. 1913. 

The third lateral emargination is often obsolete. 

The resemblance of this species to Hemiplax hirtipes, though 
superficial, is remarkable; but the legs never have the long haii*s 
possessed by that species, and the oblique crest on the external 
maxillipeds is fundamental and decisive. 

See the note on the next species. 

Locality. — N.Z. (Miers; Maclcay Collection). 

Auckland (Heller). 

Sumner, Otaki (Hutton). 

Mangrove swamp, Auckland Harbour; Tauranga; 
Heathcote Estuary (W. E. B. Oliver, T.N.Z.I., vol. 
54, pp. 541-4). 

Eangitoto, Waipara Beach (G. E. Archey). 

Otago Harbour (6. E. Marriner). 

Westland (J. W. Hende). 

Waitangi Beach; mangrove swamp, Hokianga; Stew 
art Island; Heathcote Estuary; Onehunga, mud- 
flats (C.C.). 

Heathcote Estuary, mud flats; Sumner, under stones 
on sandy beach ; Kairaki Beach, burrowing in hard 
sand above high-water mark; common (B.W.B.). 
Distribution . — ^Australia. 



Ohilton-Bennett. — Revision of Crustacea Brachyura of N,Z. 773 


Helice lucasi Milne-Bdwards. 

Helice lucasi Milnc-Edwards, Ann. Sci. Nat., sei\ 3, vol. 20, p. 190. 
1853. 

Miers, Cat. Crust. N,Z., p. 44. 1876. 

Filhol, Mission de Vile Campbell, p. 391. 1885. 

We have not recognised this crab among our specimens of Helice, 
but have identified them all with H. crassa. The latter species was 
recorded from New Zealand by Heller and Miers, and though neither 
of these authors is reliable as regards localities. New Zealand workers 
have recognized H. crassa only. Yet Filhol did not record the latter, 
but reported H. lucasi to be abundant and wide-ranging. There is 
evidently some confusion, which we have been unable to clear up 
without seeing Dana description of II, crassa. Filhol quotes several 
differences. If the two are synonymous, the name H. cra^m has pre- 
cedence. 

Locality . — ^N.Z. (Milne-Edwards). 

Cook Strait to Stewart Island ; abundant at the Bluff 
(Filhol). 

Distrih iitio n . — E ndemic. 


Sesarma catenata Ortmann. 

Sesarma catenata Ortmann Zool. Jahrh., vol. 10, p. 334, PI. 17, Fig. 9. 
1897. 

Sesarma catenatum Stebbing, Marine Investig. S. Afr., vol. 4, p. 44. 
1905. 

Ortmann quotes New Zealand as the locality from which his 
specimen was received, but adds the waniing that this is by no means 
beyond doubt. As Stebbing has since recorded the species from South 
Africa, the suggested locality is almost certainly incorrect. 


Sesarma pentagona Hutton. 

Sesarma pentagona, Hutton, Ann. Mag. Nat. Hist., vol. 15, p. 41. 
1875. 

Hutton, Trans. N.Z. Inst., vol. 7, p. 279. 1875. 

Miers, Cat Crust N.Z., p. 44. 1876. 

Filhol, Mission de Vile Campbell, p. 393. 1885. 

Thompson, Trans. N.Z. Inst., vol. 45, p. 238. 1913. 

The inclusion of this crab in the New Zealand fauna rests on the 
specimen in the Wellington Museum described by Captain Hutton. 
Thomson (1913, p. 238) says there is a specimen labelled in Captain 
Hutton’s handwriting in the Otago Museum but he has not come 
across the species elsewhere, nor have we. Miers says it is near S. 
tetragond Edw. and may be identical with it or one of the allied 
species. Its existence as a distinct species is therefore doubtful. 
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Percnon planissimum (llerbst). 

Cancer planisshmis Herbst, Natur. d, Krahben u. Krebse, vol. 3, pt. 
4, p. 3, PI. 59, Fig. 3. 1804. 

Lfiolophus planissimus Micrs, Cat, Crust. N.Z., p. 46. 1876. 

Miers, Ann. Mag. Nat. Hist., p. 153. 1878. 

Haswell, Cat. Crust. Austr., p. 112. 1882. 

Filhol, Mission de Vile Campbell, p. 394. 1885. 

Whiteleggc, Mem. Austr. Mus., 3, 2, p. 139. 1897. 

Borradaile, Proc. Zool. Soc., p. 592. 1900. 

Percnon planissimum Bathbun, Proc. V.8. Nat. Mus., vol. 38, No. 
1766, p. 591. 1910. 

Bouvicr, Bull. Sci. Fr. et Bclg., vol. 49, fasc. 3, p. 130. 1915. 

Many other references to this widely-spread and well-known 
species might be given. Miss Rathbun (l.o.) gives the following 
synonymy among the earlier literature : — Cancer planipes Seba, Grap- 
sus diris Costa, G. testudinum Roux, Ocypode (Acanthopus) clavi- 
mana de Haan, 0. (A.) serripes de Haan. The generic name is 
scaret'ly more fortunate, and Miers’ name Leioloplius (which was pro- 
posed because de Haan’s AcantJiopus was preoccupied) must yield to 
Percnon Gist el 1898 (see Rathbun, 1. c.). 

In appearance, the crab resembles Plagusia, but is much 
depressed and has long legs. 

Although Hutton included this species in his list of Crustacea 
which should probably be excluded from the New Zealand fauna, he 
has crossed the name off the list in his copy of the paper in question. 
We have apparently his authority for its occurrence here. 

Localitjp. — N.Z. (Miers, Hutton MS.). 

Distribution . — All warm seas. 

PlagTisia chabrus (Linnaeus). 

Cancer ihabru^i Linnaeus, Syst. Nat., ed. 10, p. 628. 175?^ 

Plagusia eapensis de Haan, Fauna Jap., (Vust., p. 58. 1835. 
Plagusia chabrus White, Ann. Mag. Nat. Hist., vol. 17, p. 497. 1846. 

^ Miers, Cat. Crust. N.Z., p. 45. 1876. 

Miers, Ann. Mag. Nat. Hist , ser. 5, vol. 1, p. 149. 1878. 

Haswell, Cat. Crust. Austr., p. 111. 1882. 

Filhol, Mission de File Campbell, p. 393. 1885. 

Miers, Challenger Reports, Zool., vol. 17, Crust., p. 273, PI. 22, 

Fig. Id. 1886. 

Lenz, Zool. Jahrb., vol. 14, p. 473. 1901. 

Plagusia eapensis Stebbing, 8. Afr. Crust., pt. 3, p. 47. 1905. 

KStebbing, Trans. Roy. 8oc. Edin., vol. 50, p. 267. 1914. 

Plagusia chabrus Fulton and Grant, Proc. Roy. 8oc. Victoria, vol. 19, 
])t. 1, p. 20. 1906. 

Rathbun, Proc. U.8. Nat. Mus., vol. 38, p. 591. 1910. 

Stebbing, Ann. 8. Afr. Mus., vol. 6, p. 322. 1910. 

Lenz and Strunck, Deutsche 8udpolar Exped., vol. 15, p. 2S5. 

1914. 

Borradaile, Brit. Aniarct. Exped., 1910, Zool., vol. 3, p. 101. 

1916. 

Hale, Crust. 8. Austr., p. 185. 1927. 
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Locality. — Wellington, Cape Campbell (Hutton). 

Cook Strait, Otago, Kapiti Island (Filhol). 

Lyttelton (Hutton, G. E. Arcliey, C\C.). 

Cuvier Island (Grenfell and Barr). 

French Pass, Napier (Lenz). 

Kaikoura, Lyttelton (E.W.B.). 

Napier ; Portland Island ; frequently seen in rock pools 
at low tide at Slipper Island and other Auckland 
localities during the “ Hinemoa '' trip, 1914-15, but 
it is very active and alert and was very difficult to 
catch. (C.C.). 

Distribution. — Chili, Juan Fernandez, Tongatabu, South Africa, 
Australia, Tasmania, Keriuadec Islands, Lord Howe 
Island, Norfolk Island. 


Calappa hepatica (Lilinaeus). 

Cancer Jiepaticus Linnaeus, Mus. Lud. TJlrici, p. 448. 1764. 
Calappa tuberculosa Guerin, Icon. R.A., Crust., PL 12, Fig. 2. 
Calappa hepatica do Haan, Fauna japonica, Crust., p. 70. 1883. 

Ortmaiin, Zool. Jahrb., vol. 6, p. 568. 1892. 

Zool. Forschungsreisen in Austr., vol. 5, lief. 1, p. 35. 1894. 

Alcock, Journ. Asiatic Soc. Bengal, vol. 45, p. 142. 1896. 

Whitelegge, Mem. Austr. Mus., vol. 3, p. 139. 1897. 

Borradaile, P.Z.S. for 1900, p. 572. 1900. 

Ortmann (1894) includes New Zealand in his account of the 
distribution, but the reference requires verification. 


Pinnotheres. 

The pea-crabs, commensal with various Pelecypoda {Mytilus. 
Mactra, Spisula, Atrina) are common in New Zealand, and our col- 
lections contain specimens from many localities. We have not revised 
the genus in the present paper, and merely note that the following 
have been recorded from New Zealand: — 

Pinnotheres pisum Linnaeus. 

Pinnotheres novae-zealandiae Filhol. 

Pinnotheres schamnslandi Lenz. 

This is by no means a satisfactory list. P. pisum, for example, 
is the European species and is probably correctly identified, but 
various writers (Heller, Miers, Filhol) who have identified New Zea- 
land specimens with that species have commented on the identity of 
the New Zealand mussel in which it lives with the European mussel 
Mytilus edulis, but as a matter of fact our mussel has been mas- 
querading under a wrong name, and is Mytilus planulatus Lamarck, 
quite distinct from the European species (W. R. B. Oliver, Notes 
on New Zealand Pelecypods,’' Proc. Malac. Soc., vol. 15, pt. 4, 1923). 
Again, Pinnotheres schauinslandi was described by Lenz {Zeol. 
Jahrb., vol. 14, p. 468, 1901) from two specimens of which we do not 
even taiow the sex, and the validity of the species has already been 
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questicynecl by the senior author (Chilton, Rec. Cant. Mus., vol. 1, part 
2, p. 295, 1911). Pinnotheres novae-zealandiae appears to be a valid 
species, and has recently been recorded from Australia by Miss Ralh- 
bun {ScL Results Endiavour Exped., p. 98, PI. 16, Fi^. 2, and 
text Fi^. 2, 1923). Gurney has recorded Zoeae stages of a Pinno- 
theres from North Cape and Ray of Islands {Brit. Ant. Exped., Zool., 
vol. 8, p. 195, 1924), but his identification with P. pisum is probably 
only a guess. 


Halicarcinus, etc. 

The remainder of the crabs recorded from New Zealand but not 
discussed above are all small, the carapace rarely if ev(‘r excecdiT»g 
an inch in length or l)readth. Some sj)ecies are common and widely 
distributed, (‘sjx'cially Halicarcinus planatus. This species may be 
taken as a type of the algae-frequenting forms, which are compara- 
tively active, while Hymcnicus puhescens is an example of those found 
under stones and in crevices. The latter species is covered with grey 
hairs, and very inconspicuous, especially as it is minute, and clings 
motionless to the rock ; and, as might be expected in such small and 
defenceless creatures, there are several other examples of protective* 
colours and habits. Hyme nosoma lacusiris is especially interesting 
in that it is the only fresh-water crab in New Zealand. 

In the following list, a few l)ibliograi)hical references are added 
which are of special value, or which might be passed over in compil- 
ing a bibliogra]>hy ; other references will be found in th(‘ works 
referred to under other sfiecies. The query after Elamrna wliitci 
indicates that the species has lieen challenged. 

Halicarcinus planaius Fabricius. 

(^hilton, Siihamt. Jsl. N.Z,, vol. 2, p. 609. 1909. 

Rathbun, Austr. Ant. Exped., vol. 5, pt. 2. 

(= H. ovatns Stimpson, Proc. Acad. Nat. Sci. Philad., p. 109, 

1858; Hale, Cnisi. S. Austr., p. 117, 1927; Miers, Zool., 
H.M.S. Alert, p. 248, 1884). 

Halicarcinus tridentatus Jacquinot and Lucas, Voyage au Pol Sud, 
Zool., vol. 3, p. 60, PI. 5, Fig. 27. 1853. 

Ghilton, I.C., 1909, and Rec. Cant. Musemn, vol. 1, No. 2, p. 293. 

1911. (//. planatus var. tridentatus) . 

Halicarcinus huttoni Filhol, Mission de Vile Campbell, p. 398. 
IJymenicus varius Dana, Miers, Cat. N.Z. Crust., j). 50. 

Hymenicus puhescens Dana, Miers, l.c., p. 51. 

Hymenicus edwardsi Filhol, l.c., 400. 

Hymenicus cooki Filhol, l.c., p. 401. 

Hymenicus haasti Filhol, l.c., p. 402. 

Hymenicus marmoratus Chilton (? = /T. varius Dana). 

Ilymenosoma depressum Jacquinot and Lucas. 

Chiltcyn, l.c., 1909, and Ann. Mag. Nat. Hist., ser. 7, vol. 19, p. 

148, PI. 5, Figs. 1-4. 1907. 

Ilymenosoma lacusiris (3iilton, Trans. N.Z. Inst., vol. 47, p. 316. 1912. 
Elamena quoyi Milne-Edwards. 

Elamcna whitei Miers (?). 

Elamena Jongirosiris Filhol, l.c., p. 403. 
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Elamcna. kirki Filhol (= producia; sec Chilton, Rec, Cant, Mus.^ 
voL 1, No. 3, p. 294. 1911). 

Elamena producta Kirk. 

Ehalia laevis Bell. 

Chilton, I.C., 1911, and Trans. N.Z, Inst,, vol. 38, p. 266. 1906. 

Ehalia cJieesemani (Filhol), l.c., p, 407. 

Ehalia tumefacta Mont, Filhol, l.c., p. 407. 

Ehalia tuberculosa Milnc-Ed wards. 

Whiteleggc, Mem, Austr. Mus,, Mem. 4, vol. 2, p. 161. 

Ilathbun, Endeavour ’’ Sci, Results, p. 134, PI. 35, Figs. 1-2. 

1923. 

liathbun, U.S, Comm. Bull., pt. 3, p. 889. 1903. 

Ortniann in Bronn's Thierrcich, Bd. 5, abt. 2, p. 120, Fig. 10. 

1899. 
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Fresh-water Fauna of New Zealand, 

Contributions to a Knowledge of. 

By Dr. V. Brehm^ Biological Station, Lunz, Austria. 
(Translated from the German and communicated by E. W. Bennett.) 

[Read before the Canterbury Philosophical Society, 6th June, 1928; received 
by Editor, 8th June, 1928; issued separately, 

25th March, 1929.^ 

Part 1. — On the Microfauna op a Pond in a Sphagnum-bog on 

Mount Rolleston. 

During the course of studies preliminary to writing a treatise on 
the Ticrgeographie des Siisswassers,’’ I have found it essential 
to secure further information concerning certain regions which have 
a special significance in connection with the geographical distribu- 
tion of animals. Of such regions, New Zealand stands in the front 
rank. Mr. E. W. Bennett, of Canterbury College, Christchurch, has 
been kind enough to forward material to me for investigation, for 
which I wish to express my heartiest thanks. As, however, I am 
also engaged at the present time on a study of Japanese and South 
American material, the examination of the collections from New 
Zealand is proceeding slowly; and for this reason, and also because 
there are many details which cannot be settled at once on account of 
the deficiencies in the literature, I propose to offer short reports 
from time to time as the work proceeds. The following paper, the 
first of the series, deals with the micro-fauna of a small tarn in a 
moss-bog which is situated on Mount Rolleston, near Arthurs Pass. 

Entangled in a mass of Sphagnum and unicellular swamp-algae 
in a specimen-tube, were a number of fine shelled Rhizopoda, among 
which I recognized representatives of the genera Nebela, Assulina, 
and Euglypha, To make certain of these Rhizopods, I sent a small 
tube to the illustrious authority on the group, Herr E. Penard, of 
Genf, who was kind enough to look through the material. My 
sincerest thanks are here offered to Herr Penard for this service. 

COPEPODA.* 

Of the contents of the tube, the Harpacticidae are without doubt 
the most interesting, partly because extremely little has hitherto 
been known of this group as represented in the Southern Hemisphere, 
and partly because this tube leads one to expect a preponderance of 
this section of the Copepoda similar to that which Delachaux has 
recently revealed in the case of the lakes of the Peruvian Andes — 
with which region, in fact. New Zealand and Australia have much 
in common, as for example the occurrence of the Boeckellidae. 

*The five new species of Copepoda described in this section have 
already been named and briefly characterized in “Vorlaufl^re Mitteilung 
iiber die SUsswasserfauna Neu-Seelands," Zoolog, Anzeiger, Bd. 75, Heft 7/10, 
pp. 223-225, 15th Feb., 1928. 
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Figs. 1-13 . — Delachaitxtella Bennettii n. sp. 


1. 

9, abdomen, ventral; 

8. 

9, fifth foot; 

2. 

9, furca and anal plate, dorsal; 

9. 

dorsal view, and anal plate 

3. 

9, 2nd antenna; 


of a second specimen; 

4. 

9, first foot, 

10. 

second foot; 

5. 

9, second foot; 

11. 

inner branch of third foot; 

6. 

9, third foot; 

12. 

fourth foot; 

7. 

9, fourth foot; 

13. 

fifth and “sixth** foot. 
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No species of fresh-water Harpactieidae appear to have been 
hitherto recorded from New Zealand, and only two are known from 
Australia, viz., AttheyelUi australica Sars and Moraria longiseta 
Henry; but neither of these species shows any special relationships 
with the fauna of South America. The collection from Mount 
Kolleston contains representatives of two different types, viz., larger 
species of the Canthocamptus type, and smaller ones of the Moraria- 
Parastenocaris type. These comparisons merely indicate their general 
aspects, and should not be interpreted as implying anything con- 
cerning their true systematic relationships. Those who have investi- 
gated the Ilarpacticidae know that the taxonomy of the group is at 
present in a most difficult condition, because no adequate basis has 
been discovered for a satisfactory delimitation of the genera. 
Although Graeter has shown the untenability of the method in other 
groups of Copepoda, the number of joints in the antennae or in the 
inner and outer branches of the swimming-feet is still commonly 
made use of in defining the genera, so that species are grouped into 
quite untenable genera such as Attheyella, Mesochra, etc. By a con- 
sistent extension of Graeter s point of view, Kiefer has just worked 
out a welcome reconstruction of the classification of the Cycloi)idae. 
Among the Harpacticidae in which the relationships certainly a])pear 
to be more difficult to detect, Ilabcrboseh has attempted a similar 
investigation, without however succeeding in reaching a tangible 
result. Hence in attempting to place the new species described 
below in existing genera, there are very considerable difficulties in 
the way. 

In studying the Entomostraca of South America, the author has 
laid stress on thOvSe species of Canthocamptus, hitherto known only 
from that country, which are distinguished by a triangular or arrow- 
head-shaped anal plate; and for these he has founded the genus 
Dclathanxidla. The opinions of specialists are divided on the ques- 
tion ot* tlu* validity of this genus. In regarding the characteristics 
which were used for the definition of the genus as being of phylo- 
genetic significance, the author Avas influenced by the fact that all 
of thes(‘ siiecies w'cre knowm exclusively from South America. 
(Vrtainly the objection can be raised that the genus 3Ioraria, which 
can l)e separated from Canthocamptus only with difficulty, possesses 
triangular and frequently toothed anal plates, and that, moreover, in 
European representatives of the genus. On the other hand, the 
])resencc of two such species in New Zealand serves admirably for 
the geographical and moi’phological distinctness of the genus, and 
the genus Delachauxiella as defined by me may therefore be upheld, 
and two of the following new' species placed in it. 

1. Delachauxiella Bennettii n. sp. 

This species is by far the most abundant Harpactid in the 
available material, and is represented by both sexes and by different 
stages of growth. 

Female: A mature female, carrying six colourless eggs in an 
egg-sac, was 0.75 mm. in length without the furcal setae, and 1 mm. 
with them. These may be taken as the average dimensions; but a 
mature female scarcely 0.7 mm. in length w^as also found, and on 
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the other hand another reached the length of 1 mm. without the 
furcal setae. 

The hinder edges of the thoracic segments are finely dentate. 
Of the abdominal segments, the last bears a continuous margin of 
spinelets on the ventral surface^ while in the two preceding segments 
the row of spinelets is interrupted in the middle. 

In the first pair of feet, both branches are three-jointed and 
without any striking peculiarities. In the second, third, and fourth 
pairs, the inner branches are only two-jointed. The armature is 
indicated in the accompanying figures. In the fifth pair, the inner 
part of the basal joint is broadly produced, and bears six almost 
equally long and sparsely-haired setae, while the second is oval and 
bears only four. 

The anal plate is small and triangular, and armed at the edge 
with 5-7 somewhat distant teeth ; at the end it usually runs out into 
a double tooth or two-pronged middle piece, but less frequently the 
point is produced into a single median tooth. (Fig. 2). 

The furcae are slightly longer than broad, and bear two well- 
developed furcal setae, of which one is about half as long as the 
other. 

The head has no distinct rostrum. The first antenna is 8-jointed. 
The sensory hair of the fourth joint extends considerably beyond 
the end of the antenna. The end-joint of the second antenna has 
five setae, regularly arranged according to length, and two strong 
lateral spines. The appearance of the female genital area is indicated 
in Fig. 1. 

Male: The most obvious differences between the male and the 
female are the more slender proportions of the former, the fewer 
lateral teeth on the anal plate (usually only three), and the furcae, 
which are shorter and almost square in shape. The differences in 
the armature of the swimming-feet are shown in the accompanying 
figure. The inner branch of the third pair bears on the inner side 
of the second joint a spine which runs out into a smooth spine 
without a hook. 

The rudimentary fifth feet bear only two setae on the inner 
part, and only three on the broadly-oval terminal joint. 

A specimen of a female Canthocamptid was discovered, which 
differed from all the other Harpactids in the tube in that it possessed 
a semi-circular untoothed anal plate, so that at first I thought that 
I had another new species. But a more detailed examination showed 
that this specimen agreed so thoroughly in all other details with 
D. Bennettn that it must certainly be included in the latter species. 
The abnormal form of the anal plate will probably have to be inter- 
preted as a mutation of D, Bennettii, 

2. Delachauxiella (=« Canthocamptus auct.) insignis'* n.sp. 

Another species which occurred much less commonly in the 
collection than D. Bennettii had likewise a triangular anal plate; 
the latter, however, was not provided with small marginal notches, 
but with long and slender teeth, so that the edge could almost be 

*0x1 account of the distinctive square processes on the hinder edge of 
the first cephalothoracic segment. 
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Figs. 14-26 . — Delachannella (Canthocamptus) tnsignis n. sp. 


14. $, dorsal; 

15. $, second antenna; 

16. 9, first foot; 

17. 9, inner branch of third foot; 

18. 9, inner branch of fourth foot; 

19. 9, fifth foot; 


20. abdomen and anal plate; 

21. abdomen, ventral; 

22. first foot; 

23. inner branch of third foot; 

24. fourth foot; 

26. $, fifth and “sixth" foot. 
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described as fringed. Perhaps it agrees in this respect with Moraria 
longiseia Henry from New South Wales, of whose anal plate the 
discoverer of the species remarks that it is ‘‘ fringed with hairs^^; 
the figure agrees with this account. But one could scarcely describe 
the anal plate of the present species as haired; the armature of the 
edge could rather be compared with the teeth of a comb. It is, 
however, easily seen that our species has nothing to do with the 
Moraria in question — as shown at first glance by the shortness of the 
furcac, not to mention many other differences. 

Male: Including the furcal setae, the body is about 0.8 mm. in 
length. The cephalothoracic segment bears at its hinder edge a 
s(»ries of remarkable and almost square prolongations. The hinder 
edges of the following segments are finely and irregularly produced. 
The last three abdominal segments bear a continuous row of spinclets 
on the ventral surface. 

The furca is broader than long, bears two well-developed termi- 
nal setae, whose length is about 0.26 mm., and otherwise shows no 
characteristics of note. The anal plate is triangular in shape, as 
mentioned above, and bears along the edge on each side about 15 
long and slender teeth. 

Both branches of the first pair of legs are three-jointed, while 
the inner branches of the remaining pairs are two- jointed. The 
characteristic spine of the third pair ends in a smooth point without 
a hook. The fifth pair bears two almost equally long setae on the 
slightly-produced inner part of the basal joint; the second joint is 
rounded and liears three setae. 

Femah : About 0.7 mm. in length without the fui’cal setae. Tlie 
hinder edge of the cephalothoracic segment vshows the same remark- 
able square-shaped projections as in the case of the male, and th(‘ 
hinder edge of all the following segments are finely and irregularly 
jiroduced. The hinder edge of the last three abdominal segments 
bears a long fringe of spinelets, which in the third last is interrupted 
in the middle. 

The furcae and anal plate show no essential differences from 
those of the male. The sculpture of the genital area is shown in 
the accompanying figure. 

The first pair of legs has both branches three-jointed, while the 
inner branches of the following pairs are only two- jointed. Diff(*r- 
ences are found between the right and left limbs in the numlier of 
setae on the t<'rminal joints of the inner liranches. 

In the fifth pair, the inner part of the basal joint is strongly 
produced i)osteriorly, and bears six wSpai'iiigly plumose setae. The 
terminal joint has four setae. Another difference between the right 
and left appendages occurs here, the prolonged part of the basal 
joint of the left pair having only five setae. 

3 Canthocamptus misogynus* n. sp. 

Another species of a Canthocamptid was represented by only 
a single male; the length was about 0.8 mm. with the furcal setae, 
and about O.G mm. without them. 

‘Because found without the female. 
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The last abdominal segments bear an uninterrupted row of 
spinelets on the ventral side. The anal plate is flatly curved, and 
provided with numerous delicate teeth, so that it could almost be 
said to be ciliate. The furcae are almost square; the terminal setae 
are both well developed, the one being about twice as long as the 
other; the rest of the armature of the furcae is rather sparse, as 
indicated in the figure. The dorsal seta missing from the figure 
was evidently broken off during the preparation of the specimen. 

The first pair of feet has the inner and outer branches both 
three-jointed. There is a notable plumose fringe on three lateral hairs 
of the last and second last joints of the inner branch, as shown in 
figure 27. 

The second pair of feet has only a two-jointed inner branch ; the 
distal outer corners of the joints of the outer branch are produced 
outwards into sharp points. These points are more strikingly 
developed in the corresponding joints of the third feet. The spine 
of the second joint of the inner branch of the third foot is as long 
as the exopodite and does not ttTiiiinate in a hook. 

The fourth pair is characterized by a very long exopodite, whose 
joints are well provided with setae and spinelets. The endopoditc 
is two-jointed and very short, the first joint being very small. 

The rudimentary fifth feet show on the slightly-produced inner 
part of the basal joint two setae of unequal length. The second 
joint is slightly broader than long, and bears at the distal edge five 
short spines and three setae. 

4. Canthocamptus maoricus* n.sp. 

A further Canthocamptid was represented by a single male 
specimen, of which unfortunately only a very incomplete account 
can be given; the description below, however, will sufficiently charac- 
terize the species to enable it to stand as valid. 

Length 1 mm. Second ])air of legs with a twm- jointed inner 
l)ranch. Third pair remarkable on account of immense, broad, and 
blunt blades on the first and second joints of the outer branch. The 
spine of the inner branch runs out into a simple point without a 
iiook. The fourth i)air likewise has a two-jointed inner branch ; the 
three joints of the outer branch bear remarkably blunt spines on the 
outer edges. The proximal seta of the inner edge of the last joint 
of th(' outer branch is characteristically toothed. 

A slight asymmetry occurs in the fifth pair ; on the one leg, the 
second joint bears five setae, and in the other the proximal seta of 
the outer edge is modified into a small spine. Such cas<^s of 
asymmetry in other species have frequently been regarded as abnor- 
malities, but the general tendency towards asymmetry in the 
f^opepoda suggests that possibly the asymmetry may be a constant 
condition. As only the one specimen was forthcoming, however, it 
must remain undecided in the meantime which of tlmse possil)ilities 
is correct. 

The furcae are fully twice as long as broad. The anal plate 
is flatly curved and armed with 25 long spines. 


*On account of its occurrence in New Zealand, the home of the Maori. 
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Four specimens of a Harpactid differed from those described 
above, through their smallness and slender form; I refer them only 
provisionally to the one species. They were as follows : — 

(1) One immature specimen of doubtful sex; 

(2) A male; 

(3) Two females. 

The two females differed from one another in certain respects, 
and there is at least a possibility that they may belong to two 
different species, in which case it would remain doubtful to which 
of the females the above-mentioned male would belong. As I find 
a difficulty in assigning these specimens to any of the existing genera,. 
I intend to found a new genus for them; but in the meantime I 
postpone the definition of the latter until further details can be 
given in a later treatise. 

5. Antipodiella chappuisi n. sp. 

Female : Length 0.6 mm. including the terminal setae. Margins, 
of the segments smooth. The surface-design of the genital segment 
is shown in the figure. Antenna 8-jointed; the sensory hair of the 
fourth joint extends beyond the end of the antenna for quite the 
length of the last two joints. The swimming-feet have a three- 
jointed outer and a two-jointed inner branch. The inner part of the 
basal joint of the fifth foot is scarcely produced, and bears five 
almost equally long and sparingly idumed setae. The second joint 
of this foot bears four setae — a long one at the inner corner, then a 
shorter and more slender one, then two subequal setae of moderate 
length The furcate are times as long as broad; the outer edge 
bears two setae, each accompanied by a small spine, and at the end 
is a basally swollen and onion-shaped seta, which is scarcely longer 
than the furca, and is flanked on either side by a short and slender 
seta. In a second specimen, however, the long terminal seta was 
about twice as long and the basal part did not show the onion-shaped 
swelling. Since in adition the anal plate of the first specimen was 
furnished with a marginal fringe of hairs, and no such feature 
occurred on the second specimen, the edge of the plate being quite 
smooth, it may ])e that two closely related yet nevertheless distinct 

Figs. 26-31. — Canthocamptns misogynus n. sp. 

26. ventral view of abdomen and furca; and anal plate. 

27. first foot; last joint of the inner branch broken off, 
but the fragment figured was found with the rest of 
the preparation and agrees well. 

28. second foot; some spines have probably been broken 
off from the second Joint of the inner branch. 

29. third foot; last joint of the outer branch broken off. 

30. fourth foot; 

31. fifth foot. 

Figs. 32-36. — Canthocamptus viaoricus n. sp. 

32. furca and anal plate; 

33. second foot; 

34. third foot; 

35. fourth foot. 

36. fifth foot. 
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species are represented here; but it may simply be that the former 
species has a wide range of variation. 

Male: The only male specimen found measured 0.5 mm. in 
length inclusive of the furcal setae. The hinder edges of the seg- 
ments were simple on the dorsal side, while the last three abdominal 
segments each bore on the ventral side a continuous fringe of spine- 
lets. The first antenna had a very long and stout sensory hair on 
the fourth joint. The accessory branch of the second antenna was 
noticeably small. 

The inner l)raneh of the third pair of feet l;ore a short and 
broad blade, Avhich ended in a smooth point. The terminal joint 
l)()re no setae, and showed no sign that the latter might have been 
broken off. The outer branch of the fourth pair was three-jointed 
and the inner branch two-jointed. f)f the fifth ])air 1 did not 
succeed in obtaining more than an incomplete and doubtful figure, 
which I offer with due reservation. It would appear that the inner 
part of the l)ase is not ])rolonged, and that it bears only one seta, the 
Terminal joint having three. The possibility of error, however, is not 
<‘xcluded in this interpretation. At all events, the so-called sixth 
])air of f(H‘t was represented in this male only by a single spine. 

The above-described male, which, though it reached a length 
of almost 0.5 mm., was evidently not yet mature, is figured in order 
to show j)ai‘ticularly the remarkable armature of the flatly-curved 
anal plate, which ])ore seven long needl (^-shaped teeth. 

The i)rovisional generic name should serve as a reminder of the 
occurrence of this species in the Southeim nemis])here; the specific 
name is bestowed in honour of Dr. P. A. Cliapimis, the chief 
authority on the Harj)acticidae. 


RnizopoD\. 

* Unfortunately the samples forwardc^l to Tlerr Penard ineludtsl 
only some of the forms which came under my notice. Nevertheless 
Dr. Penard s report forms a substantial contribution toTvards the 
(ducidation of the fresh-water fauna. 


Figs. 37-51 . — AnUpodtella vhapputsieUa n. sp. 

37. 9» dorsal view; 

38. 9 , abdomen and furca, ventral view ; 

39. 9, ditto, dorsal view; 

40. 9, sculpture of the genital area; 

41. 9» first foot; 

42. 9, third foot; 

43. 9, fifth foot. 

44. 9, first antenna (from a second specimen); 

45. outline; 

46. Sf abdomen and furca, dorsal, with the spinelets of the 

ventral surface showing through; 

47. modified antenna; 

48. third foot; 

49. fourth foot; 

50. An immature specimen (?); 

51. Abdomen and furca of the latter specimen. 
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Of a Nehela, which was by far the most abundant and remark- 
able form — as also in the samples which I investigated — Dr. Penard 
writes* : — 

“ It is similar to Nehela vas Certes, but differs therefrom in that 
the shell possesses a broad, hollow, and characteristic keel, which is 
always present and might well be regarded as a sufficient character 
to distinguish a new species. I have not been able to identify it with 
any known species.’’ 

Unfortunately only empty cases of this fine Bhizopod were 
found. Before the natural colours and the characteristics of the 
protoplast could be determined, it would be necessary to obtain 
living specimens of the animal — ^which indeed could easily be accom- 
plished by a zoologist living in New Zealand. On account of Ilerr 
Penard ’s long-continued experience and acquaintance with the 
Bhizopod group, the short statement of such an authority is amply 
sufficient for the announcement of this Nehela as a new species, and 
I propose to name it Nehela Penardi n. sp. 

Less abundant and also less remarkable is another species which 
is undoubtedly identical with Nehela Certesi Penard, which was 
described by Certes as a variety of Nehela collaris. It may be 
regarded as a Pacific species, and has already been recorded from 
New Zealand (Penard, '' Bhizopodcs d’eau douce,” in Brit. Antarctic 
Exped., 1907-1909). 

Herr Penard has also detected two other small species of Nehela 
which could not be precisely determined; a Euglifpha which is quite 
identical with Euglypha ciliata ; and a Difflugia which unquestionably 
belong to Difflugia acuminata. 


Botatoria. 

The collection contained an abundance of Anuraea cochlearis, 
which is noteworthy, as Anuraea serrulata is likewise regularly 
found in European bog-mosses. 

Numerous specimens occurred of Dissotrocha aculeata Ehbg., in 
a form, however, characterized by having only two wing-like laterally 
situated spines. For the determination of this species I am indebted 
to Dr. David Bryce. Since all of the specimens in the available 
material were provided with only two such wing-like spines, it is 
evidently not a case of individual variation, but of a thoroughly 
established strain. 

Some Botifer loricae were also fairly common, which agr<>tr *80 
completely with those of Callidina angusticollis Murray that there 
can be no doubt as to their identity with that species. Herr Menard 
drew my attention also to the presence of the loricae of a second 
Botifer which perhaps belongs to Hahrotrocha perforata; I found it 
also in the material which I examined, often clinging to Sphagnum 
leaves. 


♦Translation. 
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Isolated specimens were also found of Monostyla crenata Har- 
ping; this species has already been recorded from Australia and 
New Zealand by Murray. 

One specimen of Cephalodella mucranata Myers was also dis- 
covered. Murray, who first described the species from eastern North 
America, has already noted that though he recorded it as new it 
liad already been found; but the identification had been incorrect, 
as Murray had described it from New Zealand under the name of 
Monommata appendienhita. 




Fig. 52 . — Nebela Penardi n. sp. 

a, side view; b, end ^iew. 


Fig. 53 . — ^trehloceriis semcaitdatus \ar. Xoiw-Zelandnae n. var. 
postabdomen. 


Cladocera. 

A number of specimens of a small form belonging to the Clado- 
ceran genus Alona were present in the tube, but I liave deferred the 
determination of these, partly because of the extraordinarily trifling 
\aliie of these Cladocera from the point of view of animal geography, 
and partly because of the present unreliable state of the classification 
of this group of Cladocera, where almost every species has dozens 
of badly described synonyms, the arrangement and reduction of which 
has only just been taken in hand by some of the more recent authors. 

The species Streblocerus serricaudatus was abundantly repre- 
sented in both sexes. This species is thus now recorded for the first 
time from the southern hemisphere, whence only the second species 
of the genus, 8. pygmaeus, a Brazilian form, has hitherto been 
known. The New Zealand form differs from the typical 8, serricau- 
datus of North Europe, North Asia, and North America, in the 
following points: — ' 

1. The post-abdomen is more richly provided with lateral rows 
of spinelets, and the proximal serrated segment is more prominent. 

2. The vales of the shell are finely granulated, not polygonally 
sculptured. 

^ The New Zealand form may therefore be distinguished from 
the typical species as 8treblocerus serricaudatus var. Novae- 
Zealandiae. The most southern locality of the species has hitherto 
been Stingelin’s record from mountain lakes of Columbia. (Fig, 53). 

BBB* 
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If the above account is reviewed with the purpose of making 
a comparison with the fauna of a European Sphagnum bog a con- 
siderable degree of ecological similarity is evident. But whereas the 
European Sphagnum contains usually only one Canthoeamptid and 
rarely about one Parastenocaris, yet a considerable number of these 
forms arc represented in the New Zealand material — a phenomenon 
which we do not regard as an exception but which we have to 
I’ecognize as a peculiarity of the southern hemisphere. 

Hydracarina and Ostracoda are quite absent from the material 
discussed in this ])aper. Nematodes were only very sparingly ]’e})re- 
sented and must remain unidentified, as must also be the case 
some Oribatidae and insect-larvae of which a small Tan^ accom- 
noticed but not further identified. 9^ Herr 

Rotifers were more i)lentiful, but included ver;'^^.® 
and none at all of the species typical of the Euro‘;7.^i’^ X 

such as Anuraca serrulata, Microdon claims, Plocsoma, or A/e.?’ 
spite of this, the Sphagnum waters of Mount Rolleston remind us 
forcibly, through their Rhizopod fauna and the presence of Strehlo- 
ccrus, of the analogous faunistic areas of Europe. 

At all events, the results obtained from this single tube justify 
the wish that collections might be procured from other localities 
in the mountain ranges of New Zealand in order tliat the picture 
of the New Zealand fauna might be completed. 
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Fresh-water Fauna of New Zealand. 

Nos. 2-6. 

J^y Dk. V. Brehm, Biological Station, Lunz, Austria. 

(( 'omimiiiicatcd by E. W. Benxett). 

[Ji*r(i(l hrforr thr Phih')fiOi)hical Institute of Canterhury, Srd October, li)2S: 

receivrd by Editor, oth December, li)28; issued sepnraiehj, 

2:ith March, 

('oNn:NTS:---No. 2.* Tiie Plankton of Lake Lyndon. 

No. 3. Ostracoda from Banks Peninsula. 

No. 4. Notice of the occurrcnc(‘ oT Sajjcia in 
New Z(‘aland. 

No. T), JJerpefocjfpris Pasckcri n. sp. 

No. 6. Caniptorercus spot*. 

Si\('K th(* former ])ai)er was written, some more of the collections 
hindly IV)rwarded by .Mr. E. W. Bennett have been examined, and 
th(‘ Further information which has been obtained on the fresh-water 
fauna of New Zealand is recorded in this })aper, jnde]>endently of 
strict systematic seciuence. 

2. The Ih.AXKTox ok L\ke Lyxdox. 

The j)lankt()n collections from Lake Lyndon, which is 2,743 fe\‘t 
a])ove sea-l(‘vel, ar(‘ remarkabh* in several res])ects. The absence of 
Kotifers (with one (‘xception) and of i)lanktoii Diatoms and Peridi- 
nians may perhaps ))e attributed to the use of a net with too wide a 
men’ll to retain the smalhn* orj^anismst ; but on the other hand the 
absence of the j»enera Daphnia and Cyclops may b'* safely i*ef?arded 
as a ‘jrenuine peculiarity of the lake, which is remarkable for the 
1Vwn(‘ss (d* its |>lanktonic s])ecies. 

Th(* coin])onents of the jdankton ‘were as follows: — 

1. A species of the family Boeckellidae, which will be dealt 

with els(‘ where; 

2. C( riodaphnia spec.; 

3. liosmiiia Ixaymunni,; 

4. Asplanclinojms myrmcleo. 

Somt' accompanying’ (*xi)lanation of the use of the names in this 
list will be necessaiw. 

C( riodaphnia spec, was ])resent in incrodibh' numbers, and was 
distinctly the dominant form in the i)lankton. Yet no ei)hippium- 

No. 1, SCO Trans. N.Z. Institute, \ol 59. p. 779, 1928. 

tThe net was a seven-foot surface-net of sign-writers' muslin, operated 
from a rov^-boat. The paucity of species may in part be due to the violent 
storm and heavy rain at the time of collecting; but on the other hand I 
found no recognisable plankton at all in a similar locality (the Intake, 
Lake Coleridge), where I operated the same net during fine weather on the 
following day. — E.W.B. 
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bearing females and no males were found, and this makes it neces- 
sary to leave the identity of the speeies an open question at present. 
The following are the records, as far as I have determined, of Cerio- 
daphnia from Australia and New Zealand : Miss Henry has reported 
C. cornuta, C. spinata, and C. honorata from the continent, Gurney 
has added C. dubia from Queensland, and Smith has described C. 
hakea and C. planifrons from Tasmania. Moreover, Sars has recorded 
C. dubia from Lake Wakatipu in New Zealand. 

The Tasmanian forms and C. honorata can scarcely be included 
in a survey, for the accounts of these species are scarcely sufficient 
for their clear recognition. The accounts of C. dubia do not quite 
agree with one another. Gurney refers, in the course of his descrip- 
tion of the Queensland specimens, to Stingelin's proposal to unite 
C. dubia and C. reticulata, and rejects the proposal because the 
Queensland specimens have no such pronounced lateral crest on the 
terminal claw. And moreover there is a striking difference between 
the two species in the form of the male antennule ; but since no males 
arc ])resent in m 3 " collection, an essential point of comi)arison is 
lacking. However, Gurney definitely states that a lateral crest is 
present in his specimens ; and there can be no doubt on tliis i)oint in 
the case of my specimens, for the terminal claws sliow no more than 
a fine fringe along their whole length. Our species, therefore, is at 
all events not identical with the Queensland C dubia. 

Now as already mentioned, Sars recorded C. dubia from New 
Zealand, and this record would bring the species into especial promi- 
nence as an instance of zoo-geographical relcitionshii)s; but here again 
the essential point remains obscure, for Sars likewise had no male 
specimens. But the figure which he gives does not hint at an 3 ’^ 
secondary crest, so that it ma 3 " very well be possible for the Lake 
Lyndon form to be identical with that from Lake Wakatipu. It is 
interesting to note, in connection with the relationships of the Aus- 
tralian-New Zealand faunas with that of South America, that Sars 
drew a comparison between his form and the var. acuminata of C. 
dubia, described by Ekman from Patagonia; but once again, Lkman 
saw no males of his form. And moreover, generally speaking, the 
attempts hitheilo to characterize the species of Clado^era are to a 
considerable extent of doubtful systematic value. I might instance, 
as a characteristic of the form from Lake Lyndon, the size of t)ie 
eyes, which are considerably larger than those of Sars's form from 
Lake Wakatipu, or of Ekman 's from Patagonia. But in view of what 
is known of the variability of the size of the eyes according to 
environmental circumstances, I would prefer to consider this char- 
acter as a minor difference only. Certainly the circumstance that 
my specimens came from a considerable altitude, and were therefore 
exposed to more intense ultra-violet light, permits us to conjecture 
that the eyes are influenced by the light-relationships in Lake Lyndon ; 
and this suspicion gains strength from the fact that it was observed, 
in the neighbourhood of the Bioloj^cal Station at Lunz, that Daphnias 
from mountain-pools at an elevation of more than 1,600 metres had 
larger eyes than those from the bottoms of the valleys. 

Another character might perhaps serve better as a distinguishing 
feature between this and the other forms, viz., the strong development 
of the process from which arises the lateral seta of the antennule. 
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Under these circumstances there is no alternati^'e l>ut to consider 
the Ccriodaphnia of Lake Lyndon as perhaps belonging to C, dubia, 
and to leave the question undecided until the males of the species 
can be investigated. 

Itagnmnni Stingelin. — ^Before explaining the reasons for 
tlic assigning of this (brin to the South American s[)ecics B. hag- 
inanni, it will be necessary to refer briefly to previous references to 
Australian Bosminidae. AVhile Bosmimi ai)pears to be very sparingly 
represented on the Australian continent — there are oidy two records 
of the occurrence of B. longirostris, and none was noticed by Henry 
in her work on the C^ladocera of New South AVales — yet in 1909 (1. 
W. Smith made known three new species from Tasmania, which, aftim 
a minor nomenclatural alteration, have gone down in the literature 
as B. Goffregi, fi. Sorelli, and B, iasmanica. However, Rueh(‘ has 
since expressed strong doubts, in his valuable monograph of the genus 
Bosmina {Zoologka, Heft 68, 1921) upon the specific distinctii(‘ss of 
these forms. Sars, again, in his ^‘Pacifische Plaiikton-Urustacean 
{Zool Jaihrh., Bd. 19, 1903), has described H. mcridionalis from 
Lake AVakatipu in New Zealand; but here also, Ruehe, in ♦he abo^e- 
mentioned monograi)h, has raised serious doubts as to the validity 
of this species; for he points out that, as may be seen both from 
the author s description and from his figures, Sars’s species falls 
into the langispina series’’ of B. coregmii, and that Sars (to trans- 
late Ruehe ’s remark) “perhaps came to his conclusion through tlu^ 
incorrect assumption that R. mciHdionnUs was the only Bosmina from 
the southern hemisphere.” We shall shortly set' how justified Ruehe 
was in assuming this critical attitude, and on the other hand how 
unsafe it is to base a definite conclusion merely upon the descri])tion 
and figures of a species. 

As the accompanying figures show (Figs. 1 — 3), the present 
species has a certain resemldance to B. ohtum'osfriH. The frontal seta 
is generally inserted nearer to the end of the rostrum than to th(‘ 
eyes; but I also found specimens in which the frontal seta was 
inserted very nearly in the middle. The terminal claw of tlu* hinder 
abdomen has no pronounced notch, and bears only seven thick sf)ines, 
which become .smaller disialhj. In well-grown and embryo-bearing 
feinal(‘s, averaging 0.5 mm. in length, the antennule showed no 
incisures, and the mucro was quite free from incisures. Of the 
”scta Kurzi” nothing was to be seen, so that this miist be regarded 
as quite absent. There were no males or ejflnppigei’ous females; but 
numerous young specimens were present, which make it j)Ossible to 
identify the species with B. hagmanni; for they had not only 11 
incisures on the antennule, but also two sharp incisures, each armed 
with a spine, on the mucro, on its dorsal side. To make use of this 
discovery for our present purposes, it may be recalled that in a later 
comment upon Ruche’s discussion (on p. 18 of the above-mentioned 
monograph), I have shown that in B. ha^jmanniy described by Stinge- 
lin from the Amazon, we have a ty])ically South American form, 
whose distribution extends somewhat into North America, but, as 
lar as we know, does not reach the older world (cf. Brehm, Ergeb- 
niswse einer von Prof. Klute nach Patagonien unternommenen Pors- 
ehungsreise, Archiv. f. Hydrobiologie, 1925). In this i)aper I have 
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also pointed out that the dorsal position of the incisure of the mucro, 
and consequently the identity of the species, are often obscured by 
the fact that this character is shown in young specimens, and is lost 
in the sexually-mature stage; so that the specific identity can be 
definitely determined only if, as in the present collection from New 
Zealand, young specimens also occur with the adult ones. This is 
perliaps an exceptional case, but it is not without parallel; tor in 
many Chironomidae we can detect specific differences in the larva 
or pupa where none are to be recognized in the imago. 

There is no doubt, then, of the identity of the Bosmina from 
Lake Lyndon with the South American species ; and I am convinced 
that in an adequate revision, all the other supposed species mentioned 
above from the Australian and New Zealand regions will be found 
to belong to the one 1‘orm B. hagmanni. 

In that case the opinion expressed by Smith as to the origin 
of the Australian Bosminas may be allowed to pass, if it is under- 
stood in a different sense from that in which the author intended it. 
In a footnote on i)age 14 of his monograph, Ruehe exi)resses his 
opinion of the new species proposed by Smith: — “ Infolgedcsscn 
stehen auch die weitgehenden tiergeographischen Speculationen, 
soweit sie Smith auf das Vorkommen von Bosminen in Tasmanien 
griindet, auf sehr schwachen Piissen. Smith glaubt annehmen zu 
iniissen dass Bosmina (!) von der nordliehen Hemisphare uber die 
Andenkette und eine antarktische Landbriicke nach Tasmanien 
gelangt sei.'’ (Hence the sweeping speculations concerning zoo- 
geography, in so far as Smith bases them on the presence of Bosmina 
in Tasmania, are very insecurely founded. Smith thinks it necessary 
to assume that Bosmina has spread from the northern hemisjdiere 
into Tasmania by way of the Andes and an Antarctic land-bridge.) 

From lluehe’s parenthetical exclamation mark, it may be seen 
how improbably he considered the whole hypothesis. Aiid yet it 
seems to me quite reasonable, so long as we restrict it to the route 
by which B. hagnianni reached Australia; but the species may very 
well have originated in South America, and the representatives found 
north of Panama seem to me to be quite as much emigrants as the 
Australian. But it seems also reasonably safe to suppose that 
originally the genus Bosmina, as such, was derived Trom the northern 
hemisphere, in accordance with Smith's map of the geographical 
distribution of the genus. 


3. OSTRACODA FROM BaNKS PENINSULA. 

The specimens referred to here were collected near Motukurara, 
on the flat below Gebbics Pass; they were in a shallow muddy pool 
under a culvert on the main road. 

In this collection (tube 34), which is characterized by the great 
abundance of NewnhoAnia fenestrata and Cypridopsis cf. aculeata, a 
member of the genus Ihjocypris was found; unfortunately there was 
no more than the one specimen, a male. It is recorded below as 
Ihjocypris fallax n. sp. (Pigs. 4 — 11.) 

Hitherto no species of llyocypris has been known from New 
Zealand. In 1899 Sars recorded a species of the genus from Queens- 
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land, under the name /. australiensis ; but unfortunately the descrip- 
tion of the species is so imperfect that Mueller, in his monograph in 
the ‘‘Tierreich,’^ considered it to be only a nomen nudum. Until 
further material from the same locality can be examined in order to 
revise the description, one can hardly arrive at a working-idea of 
the nature of the species. Henry has mentioned L australiensis in 
her paper, but as she had no specimens of the species she could give 



Fig. ^.—Ilyocypris fallax n. sp., Zenker's organ. 

Fig. 10. — llyocypris fallax n. sp., furca of male. 

Fig. ll.—nyocypri8 fallax n. sp., copulatory organ of male, 
Flo. 12. — Herpetocypris Paschert n. sp., outline of shell. 
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no rurtlier inl'orriiation, so that it would have been better if she had 
followed Mueller in ignoring the specific name and retaining only the 
rt‘cord of the genus from Australia. 

My New Zealand specimen of this genus is a male, 0.96 mm. in 
length, whose valves are covered with numerous colonies of a jet- 
l)lack Siderocapsa. In general appearance the animal has such a 
a resemblance to a Limnicyfherc, especially in the outline and colour 
of the shell, that at first glance 1 thought that 1 had a representative 
of that genus before me; and for this reason the s})ecific name fitllax 
was chosen. Th(‘ granulations frequently found on the valves of 
Jlyocypris do not occur in the jmesent form. The swimming-setat‘ 
reach beyond the claws. In comparison with figure of /. gibha given 
by Vavra, the small lateral tufts of setae, which occur especially on 
the middle joints of the second antennae and on the cleaning- foot, 
ai‘e mucli less developed, and arc more noticeable on the first pair 
of feet, of which unfortunately Vavra gives no figure. As tor the 
modified antenna of the male, I have before me a figure of /. dfcipiens 
by Aim, and from this the New Zealand species differs considerably. 
The end-joint in our species is not pointed, but ends in two semi- 
circular swellings. Instead of the plumed seta on the fingered process, 
there is here a different structure, which however was difficult to see 
clearly, as it was obscured in the i)reparation. Five small and 
slend(‘r hyaline setae could be made out, or else a hyaline lamella, 
fi’ayed out along the edge. In the Zenker’s organ, the entrant and 
exit ai)ertures have the spherical form characteristic of the g(mus, 
and the organ is provided with 18 rings of si)ines. The furca is 
strongly bent. The proximal edge of the furcal branch is quite bare, 
which is to lx‘ noted, because Vavra shows three tufts of hairs near 
the l)ase of /. yibba. The hinder edge bears long thin hairs between 
the terminal claw and the seta of the hinder edge, while in front of 
the seta of the hinder edp there are only a few hairs, and these are 
immediately in front of it. The copulatory organ shows the typical 
characters in the genus. 

4. Notici: or Tin: Occurrence of Saycia in New Zealand. 

In a tu])e bearing the label, ‘‘stagnant grassy pond, just north 
of AVaimate,’’ two female specimens of the Cladoceran Saycia orhicid- 
a ns (f. O. Sars were found; this species has hitherto been known 
only fi’om Victoria, and is evidently rare on the continent. It was 
not found by Henry in New South Wales, and in view of the size 
and consi)icuousness of the species, this can hardly be put down to 
an ov(‘rsight. 

f). Herpetocypris Pascheri n. sp. (Figs. 12—19.) 

In a tube whose label unfortunately was destroyed, there 
oc('urre(l, together with numerous examples of a blue-green Cyprifia^ 
some sj)ecimens of a large Ostracod, which is described below as 
UirpcioLypris Pascheri n. sp. 

Before we entm* upon this description, howevir, an interesting 
])oint may be noted in connection with the Cypretta just mentioned. 
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In his paper, “Contributions to the Knowledge of the Fresh-water 
Crustacea of New Zealand^' {Videnshihs Selskabets Skrifter, Kris- 
tiana, 1894), (1. (). Sars includes three plates of coloured figures of 
the Ostraeoda described by liim, and it is very noticeable that with 
the exception of Cijpris sydneia, all the species are coloured more 
or less green. At first I regarded this as a coincidence, but aftei* 
seeing Mr. Bennett’s material 1 must state that the New Zealand 
Ostracod fauna is in fact distinguished by an extraordinarily high 
])erccntage of green species. In the present state of ignorance of 
the nature of this green [)igment, one must j)erforce refrain irom 
any attemi)t to explain this idienomenon. Herpelocypris Pascheri is 
likewise green in colour, though tlie jugimmt is not equally intense 
in all si)ccimens. Examples from another tul)e, which bore the locality- 
label, “shallow muddy pool, probably temporary, under a culvert, 
Cheviot,” were distinguished by an intensely green colour. 

The present form is placed in the genus llerpefocypns because 
the left valve of the shell is larger than the right, by which it is 
distinguished from Candonocypris, and because the seta of the hinder 
edge of the furca is not definitely clawed, as in Iliodrotnus; yet it 
has not the character of a simple seta, but it somewhat intermediate, 
so that in considering the position of the species, one might well be 
in doubt whether to regard it as an Iliodromm or a Ilerpeiocypris. 

As may be seen from the accompanying figures, HerpefocypriK 
Pascheri is characterized by the following features: — At the end of 
the second antenna, there is a structure at the end of th^' last joint 
>\hich may be best described as a grouj) of flatly arranged setae. In 
the literature which I have consulted, I find a similar structuri^ 
figured by (1. W. Mueller in liis species Cypris hicornis which he 
described from South Africa {Zool. Jahrh, Bd. 13, 1900). The 
l)enultimate joint of the second antenna bears a comb of spines imme- 
diately in front of the point of insertion of the seta which is placed 
in the middle of the lateral margin. The swimming setae reach 
nearly to the end of the claws. The respiratory ])late of the mandible 
bears five setae. The second joint of the mandibular ai)pendage bears 
a transversely obli(iue row of short s(‘tac on the surface. Both of 
the strong claws of the masticatory lobe of the maxilla are toothed. 
The basal joints of the first pair of legs bear short tufts of setat^ 
at the edge; the l)rush-foot shows the typical form for Hcrpefocypris, 
that is, in particular, a terminal claw which is at leasi three times as 
long as the end joint. The foremost seta of the furca bears five 
fringes of teeth; the distal fringes are always more strongly develo[)ed 
than the preceding. Those fringes remind one somewhat of the 
arrangement in Stcnocypris^ but the asymmetry of the branches of 
the furcae, characteristic of that genus, is lacking; this is at least 
indicated in some Asiatic species of Ilerpetocypris. The seta of the 
hinder edge, which, as mentioned above, is intermediate between a 
simple seta and a claw, is situated immediately alongside the shorter 
terminal claw. The anterior seta of the furca is about as long as 
the shorter claw. The accompanying figures indicate the outline of 
the valves and the structure of their edges. The available specimens 
represent only the female sex, and this gives rise to the suspicion that 
the species may be obligatorily parthenogenetic, esj)ccially as no 
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sperms were to be found in the rccci)taeula of the females. The 
length of the animal averaged 2.5 mm. 

I dedicate this new si)eeies to my honoured friend Professor A. 
Pascher, to whom authors of the Suesswasserflora Deutschlands, 
Oesterreichs, und dcr Scinveiz are indebted for his investigations into 
the pliylogcny of the Algae and Ehizopoda. 

6. Camptocercus sp. (Figs. 20, 21.) 

In a tube which unfortunately bore no loeality-lalxd, I found 
an example of a Camptocercus, whose specific identity liowcver may 
remain an open question because of the debatable details invohed. 
This discovery provides at least the first record of the genus from 
New Zealand. The genus was already known from the Australian 
continent, for Sars has described a species C. ausiraUs from there; 
but the present species is not the same as that of Sars. 

In the third volume of the WissenscliaftUchc Ergebnisse der 
Dcutschen Zentral Africa Expedition (Leipzig, Verlag Klinkhardt), 
I have described C. adhacrens from Lake Luhondo, and in this tlic 
presence of a grasping-organ in the neck region was recorded as an 
especially characteristic feature. In 1918, in his paper ‘‘Cladoceres 
des Andes Peruviennes/ ' in the Bullet. Soc. Ncuchaieloisc dcs Sci. 
naivrellcs, tom. 43, Delachaux again described a new sjiecies C. nati- 
cochensis which was characterized also by the possession of a similar 
grasping-organ. And since the present specimen from New Zealand 
likewise possesses this organ, I supposed at first that it would be 
necessary to assume that a primitive group of the genus Campiocerem 
was thereby indicated, the group being characterized by the jiosses- 
sion of a grasping organ, and restri(*ted in its distribution to the 
southern hemisphere. 

A remark by Wagler, however, in his account of the Oladocera 
in Kuekenthars IlandJmch der Zoologie, suggested that this organ 
might be present in all species of Campioarcus. Unfortunately 
when I described C. adhaerens I had no material for comparison, 
])y which I might have been able to answer the question whether the 
grasping organ is present in all or only in some of the species of 
Camptocercus; nor have I any such material at the present time, 
and the available literature contains nothing which might solve the 
l)roblcm. I therefore referred to Dr. E. Wagler, who was kind 
enough to inform me that the European species also possess this 
organ. It is therefore very probable that the organ is a generie 
character, and that the attempt by Delachaux and myself to separate 
a group of phylogenetically older si)ecies, restricted to the southern 
hemisphere, from a phylogenetically younger group of species, limited 
to the northern, is left without foundation. 

It therefore remains an open question whether the two species 
founded by Delachaux and by myself should be withdrawn, or 
whether in spite of the lack of phylogenetic and zoo-geographical 
distinctiveness they may be retained. The fate of the present species 
from New Zealand is linked up with that of the other two. Before 
the question can be settled, however, light must be thrown on the 
problem whether the characters used in the description of these 
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species do in reality possess the distinctiveness atti’ibiited to them as 
structures of genuine systematic worth. It is known to all students 
of the Cladocera that there reigns a regrettable obscurity on this 
l)oint, and that the use of such features involves a higlily su])jective 
factor. 1 believe that those who write on tlie C'ladocera arrive, either 
<*onseious of the fact or not, at conclusions which differ according as 
the authors in question consider the Cladocera to l)e cosmopolitan or 
otherwise. Those who are of the opinion that different regions must 
])e inhalhted by different Cladocera will naturally find characters 
sufficient for the distinction of species in such features as the numl)er 
of teeth or lateral tufts of hail’s on the hinder abdomim, in the 
sculpture of the valves, in the form of the carina, or in the size of 
the i‘yes. hut one who, like the author of the ])resent pa])er, finds 
in the Cladocera a grouj) which, generally speaking, is cosmoj)olitan 
in its distribution, will remain somewhat sce])tical of the value of 
th(*se features; and all the more so, because with many of these 
characters (such as the form of the carina in Acroinnis, and tin* 
size of the (‘yes in Simovcphahis and Daphnia), it has b(*en found 
that environimmtal circumstances, both in nature and in (‘xperiments, 
have a profound influence. 

If after* these precautionary remarks we r(‘view the thre(* pro- 
blematical s[)ecies, we find th(‘ following (‘hai*acters, ajiart from the 
gras])ing-organ : — 

Til C. adhacrenSf the eye is twice as large as the pignumted ai*ea ; 
on the ])ost -abdominal (‘dge there are 18 teeth (u]) to 17 in C. Jonpi’ 
rosfris^ and at least 20 in C. macrurm). There is also the longitudinal 
striping of the valves and the granulation of the cai’ina. 




Fir. 20 . — Cawpforenm sp. {afarus in litteris). 
Fid. 21 . — CcDuptoccmiis sp. {atavus in litteiis). 
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In C. nnticoclicnsis, the reduction of the keel of the head and of 
t)ic dorsal surface was quoted as typical; but this feature is not 
surprising?, for on acocunt of the altitude of the locality (Lake Nati- 
coclia lies at a height of more than 5,000 metres), such a reduction 
in the earimi is equally to be expected as in the case of the Acroiyerus 
of the Alpine lakes of Europe, or of G. aloniccps, which was described 
by Ekman from Patagonia, and which forms a remarkable parallel 
to the Acroptriis of Europe. In (7. naticochensis the number of post- 
abdominal teeth is 18-19, that of the lateral tufts of setae is 15. 
Thc^ eyes and the i)igmentcd area are large (this largeness of the 
eyes can also be associated with the altitude of the home of the species, 
as found also in the case of the eyes of Daphnia pulex from the lakes 
in the vicinity of Lunz). • 

Finally, in the New Zealand form, which, in accordance with 
the earlier sj)eculations discussed above, I had intended to name C. 
atavus, the following features suggest themselves as distinctive: — 16 
post-abdominal teeth, reduction of the lateral tufts of setae on the 
I)ost-abdome7i to single setae, the strong developement of the caiina, 
the elongat('d form of the eyes (which arc twdec as long as broad), 
and filially die fact that the post-abdomen, in front of the long ter- 
minal claw, is suddenly narrowed, with a distinct marginal angula- 
tion, whereas in C. adJiacrens and C. naticochensis it gradually 
diminishes right to the whole breadth of the terminal claw. The length 
of the two perfectly hyaline egg-bearing females from New Zealand 
was 1 mm. 

To summarize' our investigations — with the exclusion of the ques- 
tion of the grasping-organ — we find that Camptoccrcns is represented 
both in Australia and in New Zealand; the Australian species, C. 
australis Sars, differs from the New Zealand form by its smaller size 
(0.7 mm. as against 1 mm.) by the steady diminution of the post- 
abdomen, by tlie greater number of post-abdominal teeth (22 as 
against 16), and finally by the non-clongated form of the eyes. 

On the assumption, which has yet to be proved, that these 
characiers will suffice to distinguish the species, (7. australis wmuld 
stand as the iVustralian representative of the genus, and C. atavus 
as the New Zealand representative. Yet I still entertain doubts as 
to the validity of the latter species, and believe that in this genus — 
just as shown by the younger Spandl in the case of Alona — many 
species from beyond Europe • will prove to be identical with the 
European species, since most of them were founded under the impres- 
sion that different regions must be fnhabited by different species. 
In this connection it has to be stated that the Cladocera are for the 
most part cosmopolitan, and also that the unique character of the 
Australian region in zoo-geographical respects, which is also clearly 
recognizable in other groups, finds expression here in the presence of 
three endemic genera, Saycia, Neothrix, and Pseudomoina. 
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Fresh-water Fauna of New Zealand. 

Nos. 7-8. 

By Dr. V. Brehm, Biological KStation, Lunz, Austria. 
(Communicated by E. W. Bennett). 

7. On a new Boeckellid from Ijake Lyndon, 

In the account of the fauna of Lake Lyndon, at p. 793 the occurrence 
of a Bocckella and of Bosmina Jiagmanni was recorded. The former 
was not further discussed, as I understood at the time that Mr. 
Bennett wished to deal with the members of this group. As, however, 
he has written to say that he does not intend to discuss any of the 
Lake Lyndon material, a description is here given of the new 
Bocckella from that locality; and the opportunity is also taken of 
revesting to the problems connected with the occurrence of Bosmina 
in the southern hemisplK^re, a matter which was also discussed in the 
former paper. 


Boeckella hamata n. sp. 

The Boeckdla from Lake Lyndon is one of the small species of 
the genus, for the male is only 1.2 mm. and the female only 1.5 mm. 
long. The last thoracic segment of the female is produced into a 
long double lobe, whoso outer and longer tip reaches almost to the 
end of the genital segment (Pig. 1). The antenna of the female 
does not reach right to the end of the furca. The fifth pair of feet 
is distinguished by having seven setae on the terminal joint of the 
outer branch. The inner branch is usually three-jointed, yet I found 



Fig. 1. — Boeckella kamata n. sp. Thoracic lobes of egg-bearing 
female, lateral view. 


ccc 
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in the same eollcelion some egf?-bearing specimens in which an articu- 
lation between the last and the penultimate se^?ment of the inner 
branch was only indistinctly visible, or not at all ; so that my atten- 
tion was again forcibly drawn to the fact that the number of joints 
in the appendages is of trivial importance. 

The structure of the modified male antenna is indicated by the 
accompanying figure (Fig. 2). In the fifth feet of the male (Pig. 3), 
l)oth of the inner branches are one-jointed, and the second segment 
of the basal section of the left foot is neither toothed nor provided 
with a denticulate lamella. Since, moreover, the endopodite of the 
left fifth foot is shortened, this species would fall into ginup 16 of 



Fj(} 'l.—UacrkvUa hanuita n, sp. Outer portion of modified male 
antenna, represented in sectioms; tn _ jn and n ~ n, 
corresponding points. 

tli(‘ subdivisions gi\en by Marsh* in his artificial key for identifica- 
tion. This group includes B. ruhra Smith and B. rohusta Sars, of 
whieh the foiani*!* is known from Tasmania and the latter from Aus- 
tralia. The Boickclla fi’om Lake L>mdon, liowevei*, is not identieal 
with eith(‘r of these, and in s])ite of a certain resemhlanei' to B. 
robu^ta eonstitnt(‘s a new sjiecies, whieh is esjieeially di‘;tinguished 
l)y the struetuj-e of the fifth feet of the male (Fig. 3). Lharaeteristic 
features of the left fifth foot of our s])eeies are: — (1) the inner branch 
is extremely siiort, but stouter (according to the figure given l)y 
Marsh) than that of B. rohusta: (2) the (‘iid-elaw is suddenly nar- 
rowed tlirongh a]>proximately tijc last sixth of its length, so that in 
sha])e it r^aninds cmc* of the end of 1h(‘ body of eeiiain male Nematode 
woiaiis, siu'li as Onrhohiimus. The right fifth foot shows more remark- 
able difftTiMiees. The inner liranch is not as iiarinw at the end as in 
B. rohusta, but rounded, and furnished with a small latero-terminal 

“A Synopsis of the species of BorcleUa and Psnidohof’ckeUa, etc — 
Proc. UM Nat. Muh,, vol. G4. 
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point. The basal inner edge of the inner branch is ])roduced into a 
]oii$?* pointed and hook-shaped process, on account of which the name 
hamata was chosen for the species. In the first joint of the outer 



Fia. 3 . — JiocrkrJla hamata n. sp. Fifth feet of mule; a, left foot; 
h, right. 

I)jan(*h, llie distal spine of the outer edge is longer than in B. roh\isfa. 

t(‘riuinal claw hears basally, on the inner edge, a very small but 
nevei’theless jH*marka])l(‘ chitinous knob, and opposite this arises a 
cliitinous lamella, which extends out obliquely and distinctly beyond 
th(‘ contour of the claw (Figs. 3b, 4). The end of the claw is sud- 
<lcnly nari'owed, as <lescril)ed for the other foot. 



Flo. 4 . — BocvkvUa hamata n. sp. Oblique view of 
terminal claw, whose basal part appears 
from this aspect to be broadened by the 
chitinous lamella. 


Jf a phylogenetic comparison with B. rohusfa may be ventured 
upon, one may perhaps recognise in tin' Ne>\ Zealand B. hamata a 
more primitive form, because in B. rohusla the hook-sha])ed i)rocess 
on the basal inner edge on the inner branch of the right foot is 
reduced to a short curved spine.’' 

In the material examined, tin* Bocckclla was abundantly repre- 
sented by both sexes, but immature forms predominated over the 
sexually mature. 
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8 . Bosmina hagmanni, some further remarks on. 

AvS mentioned in the previous account of the plankton fauna of 
Lak(* Lyndon, abundant representatives of a Bosmina were present 
in the collections, and an investigation of this form led me to refer 
them to B. hagmanni; from the point of view of geographical distri- 
bution this is a result of some interest, for this species was previously 
regarded as a South American form. I also expressed the opinion 
on that occasion that Sars^ B. meridionalis, described from Lake 
Wakatipu, New Zealand, might also belong to B. hagmanni. But 
another opinion as to the status of B. meridionalis has recently been 
given in a work which, unfortunately, I was unable to consult when 
writing my previous account; and this opens up the problem of 
Bosmina once more, and does so from a viewpoint which is in part 
a new one. 

Burckhardt, in pt. 3 (Bosminidae) of his work on the zooplank- 
ton of the lakes of eastern and southern Asia,* has described a new 
Bosmina from Thina as B. fafalis, which is known with certainty 
only from the male, this circumstance providing the specific name 
bestowed upon it. Burckhardt ’s account (to translate his words) 
states that ‘‘ of all the Bosminas known to nu^, none agrees as closely 
with B. faialis as docs the New Zealand B. meridionalis Sars. But 
neither Sars nor Brady found males of this species. . . .'^ Then* 
are in fact two gaps in our knowledge, which must be filh'd before 
this matter can be cleared up satisfactorily; in Burckhardt ’s account 
I find nothing concerning the position of the incisures on the mucro 
of B. faialis, and to the present date the males of the New Zealand 
B. meridionalis remain unknown. There are thus two po.ssibilities 
in attempting to assign the New Zealand form to its systematic 
position; the males are either of the faialis type, or they are of the 
coregoni type. Similarly, two possibilities present themselves in the 
case of Burckhardt ’s B. faialis; this species has either dorsal or ven- 
tral incisures. These possibilities may be separately considered under 
the following four heads; — 

(1) If B. faialis has ventral incisures on the mucro, Burck- 
hardt ^s interpretation remains unchanged; 

(2) If B. faialis has dorsal incisures, I would have t(f regard it 
as being the same as B. hagmanni. Since, however, I consider that 
this case may be excluded, I do not discuss it further here; the 
puncium saliens in this question arises again in connection with the* 
fourth possibility below. 

(3) If B. hagmanni has males of the B, coregoni type, the views 
which I have previously expressed concerning B. hagmanni remain 
unaltered. 

(4) But if B. hagmanni has males of the faialis type, I would 
regard the latter as B. hagmanni; and in my opinion it would then 
only remain to be determined whether all the collections of B. hag- 
manni have males of the faialis type, or whether some have males of 
the faialis type and other coregoni type; in other words, whether 
B. hagmanni is a general name including more than one species, these 


*R€vue d'Hydrohiologie, vol. 2, Aaru (Switzerland), 1924. 
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species differing from one another in the structure of the male. From 
this viewpoint, the whole position, as far as the systematic nomencla- 
ture is concerned, depends on whether, in our attempts to distinguish 
species, we should attach chief importance to the incisures on the 
inucj’o, or whether we should rather stress the structure of the male 
iibdomen. If any weight can be attached to a character which is 
ordinarily to be regarded as of subsidiary importance only, T would 
refer to the very characteristic geographical distribution of those 
Bosminas with dorsal incisures; for as far as is known at present, 
their distribution coincides with that of the Bocckellids, or perhaps 
more precisely with that of the marsupials, for Bosminas of the 
hagmanni type have hitherto been known from Australia and South 
America, but not from Africa. It appears then to me that the 
Bosminas with dorsal incisures on the mucro may constitute a group 



Fig. 5. — Bosmina Jiagmanni from Lake Lyndon. Outline of a young 
female, illustrating the dorsal incisures on the mucro. 
Abdomen shown on a larger scale, within the outline. 


cliaracteristic of the southern hemisphere, and that in contrast with 
these, the forms with ventral incisures belong to the northern hemi- 
sphere. According to Burckhardt, there are then three northern- 
hemisphere species, B, coregoni, B. fatalis, and B, longirostris, which 
are in part further subdivided into subspecies. Whether the Bosminas 
of the southern hemisphere are similarly subdivided, and have like- 
\\is(» become differentiated into several species, will be known only 
when a sufficient number of collections of B. hagmanni from southern 
sources have been investigated. 
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As the literature on this subject is very scattered, and the prob- 
l(‘ins hero discussed are, no doubt, thereby made more difficult i*or 
Australian and New Zealand zoologists, it may be worth quoting in 
this place the chief characters of tho various tyi)es of Bosmina, The 
young female which is figured here also illustrates ceJ’tain points; it 
shows distinct dorsal incisures on the mucro (Pig. 5), and the two 
figures of the abdomen (Pig. 6) illustrate the remarkable differences 
in the contour of the anal region in the males of the coregoni and 
fafalis iypen respectively. Unfortunately, Burekhardt's figure has 
been indistinctly re])roduced, so that the copy given here (Pig. 6?;) 
no doubt contains sonn^ imperfections, though not such as to disguise 
the essential differences in question. The abdomen of the male of 
B. longirosiris is very similar in outline to that of B. fafalis, but (as 




Fi(.. 6 . — liosmina haamanm, abdomens of males; a, of 
B. coregom: h, of B. fcituUs. 


indicated in the artificial key below) lacks the teeth found in that 
species. It is hoped that the r(q)roduction of these figures may draw 
the attention of zoologists in the southern hemisi)here to this matter, 
and that they vill investigate amnv at least the structure of the 
mucro and the lorm of th(' male in any collections of Bow\ina avail- 
able to them. And if some of the material from South America which 
the author hof)es to discuss shortly in another article contains the 
requisite s])ecimens for thi^ elucidation of the problem, it will thmi 
become clear whether the systematic separation of these forms, as 
indicated in the* following key, is justifial)le. The key is a combina- 
tion of Burckhardt s statements and my own, and 1 believ(‘ that it 
l)est indicates the present position of the systematics of Bosmimt. 

I. Macro with dorsal incisures. 

Southern Hemispere form B. hagmanni /Stringelin. 

II. Mucro with ventral incisures. 

Predominant form of the northern hemi- 
sphere. 

A. Terminal claw of the male unarmed B Jongimsfris. 

B. Terminal claw of the male provided 

with a row of spinelets. 

a. Abdomen of the male sud- 

denly narrowed in front of 

the terminal claw B. fatahs Burckhardt. 

b. Abdomen gradually decreas- 

ing in thickness B. coregoni. 
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A New Fresh- water Hydroid from Otago. 

Cordijlophora lacustns Allman \ar. otagoensis n. subs]). 

By Marion L. Fyfk, B.Sc., Otago rnivorsit>. 

[Head before the Otago Institute, 23rd Octolx^, 1023: lecnved by Editor, 
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Introduction and (Classification. 

Tin: s])oc*ios described grows fairly abundantly in Tomahawk Lagoon. 
Dunedin, and was discovered early in iMarch, 1926, by the lie\. Dr. 
J. E. Holloway oi‘ Otago University. 

The thanks of the writer are due to Proiessor W. B. Benham 
and Di*. 11. J, Finlay for their advice and assistance, and to Pro- 
fessor K. S])eight, of (Canterbury Museum, and Mr. 0. H. Briggs, ol‘ 
Sidney University, for the loan of specimens. 

The species is evid<*ntly a memlier of the family Cordylophoridae 
Finla.\, which according to Farquhar s list of New Zealand hydroids 
(Faripibar, 1895) is represented in New^ Zealand by two si)ecies 
only — Tiihiclava rubra Faripihar, 1894, and Cordijlophora S]). Hamil- 
ton, 1883. Hilgendorf (1897) later identified a hydroid from the 
Dunedin wharf as T. fniticosa Allman, but Bale (1924) considers 
that Hilgendorf s sjiecies is probably identical with T. rubra. 

(Comparison with a specinum of T. rubra from Canterbury 
Museum shows that, as regards size and general ai)i)earanee, the 
s[)ecies from Tomahawk Lagoon superficially resembles T. rubra 
rather than Cordijlophora. The detailed structure and the method 
of attachment of the gonosomes are, however, entirely different from 
those of T. rubra, but, when com])arcd with Allman's descriptions 
and figures of gymnoblastic hydroids (Allman, 1871), show close 
agreement with Cordijlophora, a genus which is considered by most 
authorities to be rejiresented by the single widely distributed species 
C. lacustris Allman, and its more restricted local varieties. The form 
from Tomahawk Lagoon nevertheless shows sufficient differences from 
C. lacustris to rank as a definite subspecies, for which I now ])ropose 
the name Cordylophora lacustris Allman subsp. otagoensis n. subsp. 

The Cordylophora sp. of Farquhar 's list (1895) was found by 
Hamilton {loc. cii.) in the Esk River near Napier, and doubtfully 
identified by him as C. lacustris Allman. Farquhar (1894) considered 
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]t possibly identical with the Australian C. whiteleggei Lendenfeld, 
1886, which Stechow (1912) has placed as a synonym of G. lacustris, 
or at the most as a possible variety of that species. 

The species from Tomahawk is, as already indicated, somewhat 
different from the typical C. lacustris \ but, since the description 
jifiven by Hamilton (Zoc. cit,) of the Esk River form is very general- 
ized and gives no information as to detail of structure, it is very 
probable that it is identical with the species described in the present 
paper. 

Ill a recent paper Finlay (1928), in discussing the nomenclature 
of the Cordylophoridae, gives his opinion that the name fluviatilis 
Hamilton’’ was definitely proposed for the Esk River (Petane) form 
by Hamilton in his paper of 1883. Now Hamilton merely states that, 



in view of the occurrence of the Petane hydroid in river and not in 
lake waters, fluviatilis would be a more appropriate name for the 
species, but at the same time he definitely identifies it with the Euro- 
pean C. lacustris. To suggest that he proposed the name C, fluvia- 
tilis for the Esk River species, seems to the present writer to be 
stretching the facts a little too far, and in any case the absence 
of figures or any description of distinctive characters appears to be 
sufficient to invalidate his name. Since, on account of its previous 
indefinite standing, Finlay now proposes to validate Hamilton s name 
fluviatilisy the question arises as to whether, if C. fluviatilis Hamilton 
is invalid, G. fluviatilis Finlay may nevertheless still be substituted 
as a valid name. Here again, however, in the absence of detailed 
description, figures, or any information of diagnostic value other 
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than a statement of the locality of its occurrence, C. fluviatilis Finlay 
appears to the writer to rest upon only a very insecure foundation. 
Furthermore, the writer of the present paper has been unable to 
examine material from Petan^, so that though the species from that 
locality is probably identical with that from Tomahawk Lagoon, 
identity has not been proved. Consequently it seems better to provide 
a new and definite name for the Tomahawk species, rather than to 
add to the confusion by applying to it either of the extremely doubt- 
ful name C. fluviatilis. 


Habitat. 

Tomahawk Lagoon (see Fig. 1) is a shallow slieet of water 
consisting of two separate arms which communicate with one another 
by means of a narrow strip of almost stagnant swamp, bridged by 
a small culvert. The western arm opens into the sea by a narrow 
outlet, across the mouth of which drifting sand has accumulated as 
a bar through which the sea breaks only at abnormally high tides. 
The water in the outlet and in the western arm of the lagoon is 
therefore brackish, while in the eastern or upper branch it is quite 
fresh. 

In every instance except one where the hydroid was collected, 
it was found attached to the stems of a sedge Ruppia maritima — 
not to the fresh green steins near the surface of the water, but to 
the blackened dead-looking stems at some small depth below the 
surface. This is probably due, not to any preference on the part 
of the hydroid for an old stem, but to the fact that the green 
Ruppia grows where there is a fair current of water, or fioats on 
the surface in the sunlight, whereas the hydroid prefers a sheltered 
situation where the water moves slowly and the sunlight is not so 
bright. The hydroid was not found at all in the waters of the 
eastern arm, although a number of patches of Ruppia were observed 
there growing in shallow water; but in the almost stagnant fresh 
water beneath the culvert at the junction of the two arms, it was 
found in small quantity attached not only to decayed Ruppia, but 
also to a green Chara. The main supply was obtained from the 
outlet of the west arm of the lagoon, which is moderately deep with 
Ruppia growing plentifully on either bank. No specimens were 
observed along the west bank which receives the force of the current 
from the lagoon; but all along the opposite side as far as it was 
sheltered from the direct course of the current, the hydroid grew in 
profusion below the surface, attached to blackened stems of Ruppia. 
It would seem then that the hydroid from Tomahawk shuns the 
direct sunlight and favours a sheltered situation in slowly moving 
fresh or slightly brackish water. 

This corresponds with the description of the localities recorded 
for C. lacustris in various parts of England,* but is, on the contrary, 
quite the reverse of the conditions described by Clarke (1878, p. 232) 
for C. lacustris in Curtis Creek, near Baltimore, U.S.A. In this 
latter case, the mouth of the creek has a narrow channel on one side 

*See for example Nature, 1891, vol. 44: J. Bidgood, p. 106; T. Shepheard, 
p. 151; H. Scherren, p. 445. 
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flowing out into the sea, and Clarke describes the locality thus: — 
“ In the Channel where the sunlight is the strongest, owing to the 
much less abundant growth of vegetable life, where the current is 
most rapid and nearest to tlic mouth, where the changes in the 



Fick 2. — A Colony of Cordylophora Icu'ustns var. otagoensis attached to 
the Stem of Ruppia miinttma. 



Fyfe . — A New F rcsh-ivater Hy droid from Otago. 


817 


surrounding conditions must be greatest, there w(‘ found the colonies 
in their greatest luxuriance.” C. lacustris must, then, be capable of 
adapting itself to a complete change of habit, and it follows that 
the new variety here described also may later b(* found to flourish 
undei’ conditions somewhat dissimilar to those described in this paper. 

Specimens from the outlet were collected at various times 
throughout the year from March to September. The colonies were 
largest and most abundant during March and April. Those collected 
at the end of March had female gonosomes only, but in the middle 
of April the colonies were found to be nearly all males with occasional 
females. At the beginning of June the older colonies were not so 
flourishing and carried only occasional female gonosomes, while *a 
fori night later these had all disapj)eared and the majority of speci- 
mens collected were young growing colonies. Unfortunately, during 
the jx'riod of wet weather which then intervened, the lagoon rose 
rai)idly, making it impossible to collect from the outlet. In Septem- 
bei‘, when the waters had regained their normal level, it was found 
that the outflowing current had carried away all the Kuppia from 
the banks of the outl(‘t, and with it the hydroid. The only specimens 
that could then be found were those from under the culvert at the 
junction of the two arms, and these bore no gonosomes. 


Dutailkd Description. 

The Trophosomc: The hydroiihyton consists of a modt'rateiy 
liranched hydrocaulus springing from a long, straight (or sliglitly 
turning), unliranched hydrorhiza (see Fig. 2), occasionally ol)ser\(‘d 
di\iding into 2 branches, each twining along a stalk. 

The stems from which the hydranths spring do not differ in 
any way — colour, thickness, texture, goiieral apiiearance, etc. — from 
the main stalk which attaches itself to the Zfuppftf -stems. This main 
stalk seems to be the hydrorhiza and is quite different from that 
of the typical C. lamistris, which is much branched. In most cases 
the hydrocaulus is relatively small — under 2 cm. — and little ramified; 
but in some sixeimens from deej)cr water, what seems to lie tln^ 
hydrocaulus is much longer — uj) to 4 cm. — jind more branched. As 
fragments of weed are occasionally found attached to this, and as 
the weed easily rots away, it is uncertain whether this is a w(‘ll- 
branched hydrorhiza or whether the hydrocaulus is capable of attac'h- 
ing itwself to the weed. 

The hydrocaulus in the smaller and younger colonies is usually 
uiibranched. In the fully develoiied colonies it is irregularly 
branched, the average number of hydranth-bearing branches (exclu- 
sive of the terminal hydranth) being three, though the maximum 
number observed was five. The average height in the large colonics 
is about 10 mm. to 18 mm., while the largest hydrocauli in the 
smaller colonies do not usually exceed 7 mm. to 9 mm. 

The perisarc is transparent, with about ten close annulations at 
the origin of each branch, and gradually loses itself on the neck 
of the hydranths. 

The hydranth (see Fig. 3 B) possesses the same general shape 
as in C. lacustris, i.e., the proximal half is cylindrical, very slowly 
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swelling to a point below where the tentacles commence, and thence 
swelling rather more rapidly to a point where there is a contraction 
and prolongation into a distinct snout — like hypostome. The colour 
is milky white and translucent, deepening to pale buff towards the 
l)ase of the hypostome. The tentacles vary in number from about 
thirteen on young hydranths to an observed maximum of thirty on 
a large polyp (average about twenty-three). They arc simple, fili- 
form and very slender, being about one-sixth the width of the lower 
part of tlie hydranth; minute nematocysts are scattered over the 
whole surface as in the typical C. lacusMs, and the extremities are 
very slightly thickened (see Pig. 3 A). The tentacles are twice as 
long as the gastrovascular cavity, and are characteristically disposed 
as follows: none project forward in line with the hydranth; those 
that grow on the distal quarter of the hydranth (about two-thirds 
of the total number) spread out in angles up to 45 degrees, while 
the remainder project at right angles to the hydranth or even bend 
backwards a little The tentacles, even when fully retracted, do not 
all point forward as in Allman’s figure of C. lacusiris (Allman, loc. 
cif,, pi. 3, Fig. 1) but at least one-third of them still point horizon- 
tally 01 * backwards. 

The Gonowmc (see Fig. 3 B) is adelocodonic, ovoid in shape, 
with the proximal portion broadened. The gonothcca is almost filmy 
in thickness, in contrast with the several layers shown in Allman’s 
figure of C. lactesfris (Allman loc. (it., pi. 3, Figs. 1, 3), and is 
siqiarated by a wide space from the perigonium which is also a thin 
film of the same general outline as the gonothcca. 

(a) The Female-. The gonosome is at first moderately elongate 
and bluntly j)ointed. (See Fig 4.) Inside the perigonium can be 
seen several arms of the spadix enclosing obscurely outlined eggs. 
’Phese arms are continuous with the coenosarc and are marked by 
larger and darker dots. In the early stages they are short and only 
slightly branched, but later become more branched and extend to 
the distal end of the gonosome. As development proceeds, the gono- 
some becomes more spherical, the arms of the spadix gradually dis- 
a])pear, and the whole space enclosed by the perigonium is completely 
filled by about 10 to 15 large, globular eggs. The ripe gonosome is 
larger than a fully contracted hydranth, and is about half as long 
as an expanded one. The spadix also is much reduced, there being 
no trace of the long, hollow, club-like process seen in the typical 
C. lacusiris of Europe, but what remains is only a short stalk ter- 
minating in a cup-shaped body a little broader than an egg (sec 
Fig. 5). In some specimens, four equidistant pointed projections 
were distinctly visible at about right angles to the axis of the stalk, 
and it may be that these projections represent the extremely reduced 
remnants of the radical gastrovascular canals. (Sec Figs. 5, 6.) 

’ During development the eggs increase in size and often become 
fewer in number. This is perhaps due to the fact that the peri- 
gonium encloses both egg-cells and nutritive cells, the former of which 
grow at the expense of the latter. Moreover, in a few s])ecimens of 
well-developed gonosomes, very small cells were observed among the 
larger ones (see Fig. 5) — in one case five of each kind — ^which would 
suggest that the small cells are reduced nutritive cells. One or two* 
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ri(. 4 — A female Ronosome containing ova which are enclosed in the 
branches of the ramified spadix. 

Fi(r f) —A female gonosome moie advanced than Fig 4; the ramified 
spadix has disappeared. 

Fu. G - A fiirthei stage in the de\elopment of the female gonosome in 
which two of the ova have become planulae moving about 
inside the porigoniura. 

Fio. 7 - A riiptuied female gonosome from which all the planulae have 
^sc.iped ciicopt one. 
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such cells arc often found inside the jijonosonie after the escape of 
the planulae. 

Although fertilization and develo])iiicnt of the ova take place 
inside the gonosome, it was not diseovei*ed how the spermatozoa 
reach the ova inside the goiiotheca and perigonium. Careful exami- 
nation of both membranes showed no aperture through which the 
si)ermatozoa might enter, and it was only later that the planulae 
in escaping ruptured the wall of the gonotheca. The fertilized egg- 
ivlh become slightly oval and gradually develop into elongated ciliated 
planulae which may be seen inside the gonosome moving sluggishly 
over the eggs which have nol yet completed their development (sec* 
Fig. 6). There are usually about seven fully developed planulae in 
one gonosome, and these do not esca])e immediately but move* round 
inside for several days. In one gonosome the planulae were observed 
moving For six days before the first one escaped. After the cscaf)e 
of the planulae, the spadix rapidly atro]>hies and disapi)ears, and 
the gonotheca breaks off* and floats away. 

(b) The plamda (see Figs. 7, 8) : The phuiula escapes almost 
imper(*eptibly from the gonosome, moving slowly from side to side 
through the orifice till it is (juite free when it moves off much more 
quickly. It is much longer than that of (\ lacustris (s. str.), being 
the same length as the entire gonosome. It is cylindrical and slightly 
tapering, and when escajung from the gonosome, it orientates itself 



Fi(.. 8. — A female gonosome containing planulae, some of whirli have 
already developed tentacles. 
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so that the blunt end escapes first (see Fig. 8). Under high magnifi- 
cation, dense and extremely fine cilia are observable, longer and finer 
than those represented in Allman’s figure of C. lacustris (Allman^ 
loc, cit,, pi. 3, Fig. 5) ; they are as long as the width of the ectoderm, 
but move so rapidly as to be hardly discernable. Occasional planulae 
which had evidently been delayed in escaping were observed with 
well formed tentacles, while still inside the gonosome (see Fig. 8)^ 
but this does not seem to be the general rule. 



Pig. 9. — A young male gonosome with ramified spadix enclosing sperm 
mother cells (C). 

Fig. 10. — A male gonosome more advanced, showing the fully developed 
spermatozoa at the distal end. 

How long the planula leads a free-swimming life was not dis- 
civered, owing to the difficulty of keeping specimens alive under 
laboratory conditions, and although, several planulae remained active 
for about ten days, after that period they became sluggish and 
gradually died. « 

(c) The Male (see Figs. 9, 10) : In the early stages" the male 
gonosome is much the same size os or slightly smaller than the female. 
It is subspherical, and inside it can be seen the arms of the spadix 
which are more branched than in the female and are similarly 
marked with dark dots. During development the gonosome becomes- 
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very iTiueh longer and narrower, tapering to a point at the free end 
(see Fig. 10), so that tlie ripe elongated gonosome presents an entirely 
different appearance from the rounded gonosome of the female. The 
branched arms of the spadix remain throughout the development, 
and in betweem them can be seen under the low ])Ower of tlie micro- 
scope,’ numerous highly refringent dots which are tlie heads of the 
spermatozoa. 

The escape of the sfiermatozoa takes place in the following 
manner. During th(‘ day previous to their escape the sjiermatozoa 
are seen in the clear distal end of the gonosome, moving about con- 
tinuously (see Fig. 10). Just Indore their release there is a sudden 
intensity of movement which forces the end off the gonosoim^ The 
s])ermatozoa escape forthwith in a stream of mucilaginous material 
in which they remain entangled, moving hither and thither until the 
surrounding water slowly diffuses through it. All the sxiermatozoa 
do not escajie at the same time, but the discharge takes ])lacc at 
intervals which may continue over a space of one or two dajs. A 
gonosom(‘ was mounted on a slide with fluid, the act of putting the 
(‘over on top lieing sufficient to ror(*e out the contents of the gono- 
som(‘. lender high power these actively swimming spermatozoa were 
clearly visible and on staining with weak iodine the head and tail 
w(‘re definitely shown. 


Distinctive Characters of Suhsfeciks ''Otaooensis.^^ 

Trophosomc : Hydrorhiza unbranched or only slightly ramified; 
liydrocaulus attaining to 4 cm.; perisarc with about 10 close annula- 
tions at origin of each branch, and gradually losing itself on neck 
of the hydranth; tentacles about 23 in number, twice as long as the 
gasi I’ovascular cavity. 

Gonosome: (lonotheca thin, transpaivnt ; spadix in rif)e female 
very much reduced, with characteristic cup-shaped body at the distal 
end: development of gonosome, March to June. 

Habitat : Attached to stems of liuppia maritma (or less often 
Chara) in fresh or slightly brackish water, below the surface. 
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]. BRIEF JlLSTORirAL SEMMARY. 

^riiE physieai iVatmvs of the Chatham Islands were fiLst investif?ated 
by Dieffeiibaeh iii 1S40 or thereabout, and since that date several 
writers liave made references alia to the surface Features oF 

the ^^roup. Travers (186S) includes comment thereon, but little 
idea of tlu* topography c<in be p^htliered from his remarks. Robertson 
(1890) and i\)rbes (1893) ^.^ive j^cncral accounts of th(» Cliatham 
Islands, in which some observations are of value. Especially valuable, 
however, is the very accurate topo^rajdiical ma]) preparc'd by John 
Robertson and S. IVrcy Smith in 1868 and 1883, which j^oes with 
the latter’s report. Florence (1900), also, ji^ives useful notes on 
^•eneral toj)oj?raphy, climate, etc. Cockayne (1901) ^ives an excellent 
ac<*ount of the pliysiog^raphy as it influences plant ecology. The 
most rt^cent report on the subject is found in Skinner’s memoir on 
tlie Moriori, the extinct inhabitants of the group (1923). 

2. PHYSICAL FEATURES. 

(a) Hizc, shape, eic . — The group of the Chatham Islands com- 
prises the Main or Chatham Island (Rekohua) and the group of 
small islands lying to the south east, of which Pitt Island is the 
largest. The area of the Main Island is 222,490 acres, of which 
lagoons occupy 46,000 acres. The greatest length of the island, as 
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a whole measured i’roiii north to south from Cape Young to Te 
llaliui is 30 miles and the greatest breadth across the northern 
portion of the island from Te Whakaru Island to Tc Raki is 35 
miles. For eonvenieuec in deseri])tion, Chatham Island may be 
divided into 1hrei‘ portions — a northern, a etmtral, and a southern. 
The nortliern portion consists of two peninsulas, lying on either side 
of the northern and widest portion of Te Whanga Lagoon, and 
connected only by the very narrow strip of land wliich in the north 
separates the lagoon from the oc(^an. 

The western peninsula, Whareka, is about 16 miles in length 
from Point Somes to ■Wai])apa on Te Whanga Lagoon: and 7 miles 
at its widest base from the north of Waitangi Beach to the shore 
near AVhai^kauri. The average width in thi' north-south direction 
is about 4 miles. On the north coast two prominent peninsulas termi- 
nate in Cai)e Pattison and Cape A^oung respectively. On the south 
coast and to th(‘ west lies Ocean Bay, and further to the east the 
thi'ce smaller indentations Port Ilutt or AVhangaroa (the onl.\ sab* 
harbour of the group), Whangamoe, and Whangatete. Off Point 
Somes, and separated from it by Cuba C3iannel, lies the AVestern 
Reef or Rangihokopoi which, awash at low water, is a constant 
menace to shipping. 

The eastern ])eninsula is relatively small, being of narrow 
triangular shape miles in length and 5 miles wid(‘ at its base. 
The apex of the triangle is a rocky schist-formed cape called Point 
Munning, while three miles south Okawa Point forms the north 
boundary of Hanson Bay. Facing north, thus sheltered from the 
southerly and south-westerly gales, is Kaingaroa Harbour, wdiere i\ 
refrigerating i)lant is established. 

Most of the central ])ortion of the island is occupied by the 
southern part of Te A\nianga Lagoon. On the east this is separated 
from Hanson Bay by a narrow strip of low swamp and sand-dune, 
stretching 27 miles from Okawa to Owenga. On the west the land 
bounded ])y Petre Bay is of greater extent and of greater elevation, 
having a width in the south of 2J to 3 miles and in the centre IJ 
miles, while in the north a broad triangular area stretches into the 
lagoon. 

The southern part of the island is a compact 4-sided block with 
maximum length of 9^ miles from Petre Bay to Pitt Strait, its 
southern boundary, and a breadth of 13 miles from Manakau to the 
Horns. 

(b) Topography of Southern Plateau , — This block is roughly 
rectangular in outline, with a prominent ])eninsula forming the south- 
east comer and terminating at Manakau and Cape Fournier. It is 
best described as the much-dissected remnant of a plateau-area 
which is nearly at sea-level along the south end of Te AVlianga 
Lagoon, but reaches a height of nearly 1,000 feet along the south 
coast. The highest peaks, which form the divide between the north- 
ward and southward flowing streams, lie along and very close to 
the south coast. The latter is a fanit-coast consisting of a series 
of bold cliffs ranging in height from 600-700 feet. The most promi- 
nent peaks in this divide from west to east are Tc AVhakahewa (the 
Horns) (865 ft.), Karori, an unnamed peak near the south of Te 
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Awatapu (938 two unnaiiiod poaks further east, respeetivclj 

860 ft. and 733 ft. and finally Te Itanjifa (331 ft.) forming the 
eastern peninsula. 

From file Horns, high l)roken country extends in a northerly 
direction to Pipit arawai (931 ft.) a peak lieavily wooded and diffi- 
cult of access. This range from the Horns to Pipitarawai forms the 
main divide se])arating the northward ilowing streams in the east 
fj‘om those which flow to the west. 

Nt‘arer the west coast is aiiotlier stretch of liigli country, the 
Tiiteiiga Range, which forms the north-west slopes of tlie block, 
the highest points being Whangamarine (771 ft.), Oehaii ((HO ft.), 
and AVhata (441 ft.). An extension of this range runs north 
with decreasing height almost to Waitangi. 

Ill the interior a smaller ridge diverges from Pipitarawai, and 
running north-east divides the Tauaropa Stream, a tributary of Te 
.\waiiiga River, from th(‘ JVlangatukawera and the MaiigahaiL which 
unite to form the Nairn. 

Tn the north of the block, Mangahau (35G ft.) is a more or less 
isolated peak. 

(c) Topoyraphy of Central and Northern Areas. — In strong 
contrast to the southern ai*ea, the northern is lowlying, while mature 
slop(‘S are the rule. 

As a whole tliis area is roughly T-shaped. On the west side 
is the large indentation, Pet re Bay, which is roughly square in out- 
line, which suggests that it owes its origin to subsidence of a large 
block formerly bounded in the south by the coast from Waitangi 
to Point Durham, and on the north by the coast from Waikawa to 
Point Somes. Apart from their straightness, both tlu'se shore-lines 
give evidence that they may be classed as fault-coasts. 

On the east side is Hanson Bay, which stretches from Owcuiga 
in the south to Okawa in the north, and is sefiarated from Te Whaiiga 
Lagoon, which occupies most of the stem of the T, by a very large 
lowlying sandspit. 

The central area extending from Waitangi to Te Roto and Wai- 
])aj),i, is highest at Red Bluff (244 ft.), and at Te Pukahii (210 ft.), 
but is generally much lower. In the main it is limestone count i*y, 
and ever>wliere has been eroded into mature rounded slope's of 
monotonous regularity. Except along the west shore of Te Whanga 
and at IR'd Bluff, outcrops are rare. Most of the area is covered 
with fern or scrub. 

The small north-east peninsula is featureless swairip-cove'rcd 
country with outcrops resti’icted to the coasts. The highest points 
are Waitua (90 ft.), Matarakau (126 ft.), Kaingaroa Hill (193 ft.), 
and Koromaunga Hill near Okawa Point. 

The north-west ixminsula is of greater interest. The north 
central area surrounding Ayharckauri was a region of volcanic 
activity and shows volcanic piles in various stages of erosion, depend- 
ing largely on whether the hills in (luestion are coini)os('d of solid 
lavas or relatively soft tuffs and breccias. Rangitihi (627 ft.) is 
a rounded bush-covered peak, while other peaks are Puhina (327 ft.), 
and Motuariki. 
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The remainder of the peninsula is a remarkable uniform pene- 
plain cut in the old schist undermass. The peneplain is slightly 
tilted, being near sea-level along the north coast, but considerably 
higher, in one place as much as 230 ft., along the south coast. The 
uniformity of the surface is broken by several volcanic residuals 
which have frequently been eroded into almost perfect cones. In 
all cases, however, the peaks represent, not craters, but blocks of 
the covering sheet of Tertiary rocks which have escaped complete 
erosion. Hence the peneplain is a “fossil plain. The main peaks 
of the area are Korako (588 ft.), Ngapukemahanga, Motuporoporo, 
Hokopoi, Dieffenbach, and Maunganui (587 ft.). Since these are 
in practical alignment in an east and west direction, and since the 
strike of the underlying schist is east and west, it seems probable 
that these represent a line of structural weakness. Two further 
peaks off this line are Tawliirikoko, and Matatakitaki (518 ft.). 

Maunganui is a picturesque rugged pile composed of some 500 
ft. of tuffs overlying a flow of monchiquite and a limestone. The 
northern side represents an old cliff-face and gives evidence of minor 
fluctuations of li‘vel discussed below. 

(d) Lakes and Lagoons , — A large area of this island-group is 
covered by lakes and lagoons. Of these the most noteworthy is Te 
Whanga Lagoon, which occupies about one-fifth of the total area 
of the island. 

It is roughly shaped like an inverted L. The southern arm is 
called Tai-Hawca, while the northern east-west wing is Muriwhenua. 
On the north and east sides the lagoon is bounded by long low-lying 
sand-bars. The northern bar is the older, and is covered for the 
most part with peat swamp. The eastern spit stretches from Okawa 
Point almost to Owenga — a distance of 27 miles. 

The length of the lagoon, north and south, is 15 miles; while 
the length of the north arm is 9 miles. The widest part of the 
southern stretch is 5 miles across. 

The west side from Tokatea Point to Te Matarac is bounded 
by low limestone cliffs. From the former point west and north to 
Te Rahui the cliffs are still lower and consist of limestone, schist, 
and basalt. 

Little is known as to the depth of the lagoon, but it seems that 
it is generally shallow. After prolonged south-west gales the waters 
are banked up, exposing large tracts of weed-covered bottom. 

Cockayne notes that “the floor of the lake consists of sand or 
of sandy, peaty mud, formed from the decay of many generations 
of plants.’^ (1901, p. 272.) 

The lagoon can be crossed by two main fords. One from Koro- 
waipuna to Kahupiri Pt. — a distance of 4 miles — lies for part of 
the way on a submerged shelf of hard limestone. This is the main 
thoroughfare from Waitangi to Kaingaroa. The second ford crosses 
the narrow southern area from To Matarae to Hitara Island. 

Tlic eastern side of the lagoon is bounded by an extensive line 
of moderatcly-recent sand-dunes, through which the lagoon periodi- 
cally breaks a passage out to sea. No evidence was obtained as to 
how often this overflow occurred, but it may be noted that it was 
running freel}^ at the time of our visit. 
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This large lagoon is almost certainly a cnt-oflf arm of the sea, 
the inner coast being clearly an old sea-cliff. This old shore-line 
probably commenced in the north near Taupeka Point, followed the 
present western margin of the lagoon to Te Matarae and thence by 
way of Lake Huro to Petre Bay. 

Lake Huro, which lies between the southern end of Te Whanga 
and Waitangi, was formerly part of Te Whanga. It is separated 
from Petre Bay on the west and from Te Whanga on the cast by 
low sand-hills or swampy ground. 

Lakes Rangitai and Pateriki in the north-east peninsula are pro- 
bably of like origin. They are both surrounded by low-lying peat 
swamp and have been separated from Te Whanga by the formation 
of sandspits. Pateriki is separated from the sea on the north only 
by a small line of very recent dunes. 

Several other lakes, c.g., Wharo, Waiongongo, Kaipakau, and 
Te Wapu, owe their form and position to similar circumstances. 

Another type of lake is represented by Botokawau, and some 
others unnamed lyipg on the flat peneplain in the north-west penin- 
sula of the island. These lakes are small and shallow, and occupy 
depression in peat land. They probably All areas which have been 
burnt out of the i>eat by ancient fires. There is usually no drainage 
into them — at least by way of streams. 

A third type of lake is found near Te Roto. Here is a series 
of fairly large lakes of beautiful, clear fresh water. These are, from 
north to south, Rotoparaoa, Ahi-Parera, Te Roto, Tennant Lake, and 
Marakapia. These lakes are picturesquely situated in a series of 
bush-surrounded depressions, Tennant Lake and Marakapia being of 
considerable size. Their origin is not clear, but their presence is 
probably due to a combination of two factors — the formation of old 
and recent sand-dunes on their seaward side and solution of the 
underlying limestone. No data as to depth are available. 

(e) Streams . — The two largest streams are the Nairn and Te 
Awainanga. The Nairn rises from the great peat swamp area on 
the north side of the Tutenga Range. Its two main tributaries, 
the Mangahau and the Mautere, flow in a north-east direction, and 
drain a large area. The main part of the Naim flows north to 
enter the sea at Waitan^ — the chief township. In early whaling 
days the mouth of the Nairn gave a safe anchorage and a constant 
supply of fresh water, 

Te Awainan^, the largest stream in the group, which has its 
source in the high swampy country round Lake Tuku-a-Taupo, 
drains nearly one-third of the soruthern plateau region. The main 
tributaries are the Makara, Tauaropa, and Te Mata-o-pakihau. At 
Moeatoa Ford, Te Awainanga passes over a basalt flow as a 
picturesque waterfall. The stream here has considerable volume, and 
the fall is a potential source of electrical power. Below this, Te 
Awainanga flows through low swampy flats into the south end of 
Te Whanga. 

Both these streams, in fact most of the streams of the island, 
are very sluggish ; their water is a dark-brown colour, and where 
their bed is not on basalt, it is usually covered by a layer of peaty 
mud. The streams which drain the south-west corner of the island 
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are very different. The Awatotara, the Taku-a-Tamatea, and the 
Waipurua are all vigorons streams of fresli pure water. They are 
older than the uplift which gave rise to the plateau, and hence have 
cut out deep narrow gorges. The Waipurua stream enters the sea 
over a ledge of columnar basalt, falling about 40 ft., and forming 
a magnificent spectacle when the creek holds any volume of water. 

Few creeks enter the sea on the southern coast — the divide 
])etwcen the north-flowing and south-flowing drainage systems being 
very close to the sea cliffs ; in fact one can stand about 50 yards from 
the cliff-face and look northward right down the valley of the Tonga- 
rewa ('‘reek to its mouth near Owenga. 

Ill the northern half of the island the drainage-system calls for 
little description. The Waihi in the west, the Tutuiri near Tioriori, 
and the Waipapa running into Tc Wlianga, are all of fair size and 
drain large areas ol‘ swamp land. OF these three the Tuhiiri has the 
largest watershed. The water is always tea-coloured and slightly 
acid. 

The relation between drainage lines and geological structure* 
will be discussed later. 

(f) Swam 2 )s . — There is little of the surface* of the island that 
has not at least a superficial covering of peat. The climate seems to 
be peculiarly suitable for the luxuriant growth of ])eat-producing 
I)lants. Accumulation of peat is as a rule most extensive in cool, 
damp climates such as that of Ireland, and the Chatham Island 
deposits seem therefore to be formed under normal conditions. 

Almost the whole of the north-west peninsula, which is in the 
main a slightly-tilted peneplain, is peat-covered. The swai!ip-area 
extends from the foot of Korako and passes west to the end of the 
peninsula. From Tawirikoko to the west coast the swamps are very 
extensive, and contain a large volume of water. Another extensive 
ar('a is found between Motuariki and Cape Young. The watersheds 
o\ the Waipapa and the Tutuiri drain yet another peat-covered 
region. The north-east peninsula from faupeka Point eastwards 
is likewise monotonously low-lying and swampy. Smaller swamps 
are found n(*ar Lake Marakapia and again in gr(*at extent round 
about Lake Tluro. The Nairn and Te Awainanga streams drain 
many squai*e miles of swamp covering the southern plateau. 

Peat swamps are in fact so general that they are a hindrance 
to geological investigation. The main outcrops of rocks arc to be 
found along the shore-lines. In winter the swamp areas are ijiipas- 
sable, and even in such a favourable season as our expedition 
experienced, many of the bogs and sphagnum depressions wxre so 
wet as to make dangerous any attempt at walking across them. 
Peat must have been forming for a considerable period. At Whanga- 
tete Bay there are cliffs of peat nearly 40 ft. in height — ^these cliffs 
contain at least three buried forests. It is of interest to note that 
in the present swamps are numbers of large totara (Podocarpus 
iotara) logs. The totara is not now found growing anywhere in the 
Chathams. 

(g) Coast-lines , — For its size the Chatham Island group has a 
great linear extent of coast-line: and, since the rocks of the group 



Fig 1 —Schist coast, Waikawa. looking west along the strike 
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Fig. 2.— Uplifted platform, Mopihanga Creek, Ouira Bay. 
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are extremely diverse — metamorphic, sedimentary and volcanic rocks 
being represented — the variety oi‘ coastal profile is considerable. 

(1) Coasts cut into quartz-mica-schists. This type o£ coast is 
l)eautifully illustrated along the south shore of the north-west ixjnin- 
sula from Waikawa to Point Somes. (See Fig. 1.) The shore is 
approximately parallel to the east and west strike of the schist, while 
there is an average uniform seaward dip of 30° S. As a i"ule the 
shore-zone is wide and the profile regular and oC sloj[)e loss than the 
angle of the dip. Weathering seems to occur most readily in the 
ilireetion of the strike, hence fissures running in this direction are 
the rule. 

This shore appears to ha\e been due initially to faulting, l)ut has 
since been depressed and is now aproaching a mature stage. Hie 
tributaries of the streams that enter the indentations on this shore 
(Ocean Bay, Whangaroa, etc.) have been converted into independent 
streams. In other words, the bays are small drowned valleys, the 
<n*eeks are betrunked, and the small river-systems are dismemlx'red. 
Moiv recently a slight uplift occurred and there is a wave-cut plat- 
form, now 10-15 ft. above high-water. This is clearly seen on the 
basaltic columns which are intrusive into the schists at Oiiira Jhiy. 
Fig. 2. 

A rather different coast-type is found in the schist area from 
Kaingaroa to Point Manning. Again the strike is parallel to the 
coast l)ut the dip is \ery stec}) — from 05° to 80° N. The coast is 
therefore very rugged and broken, consisting of a series of lazor- 
back ridges running east and west. Stacks are of frequent occur- 
rences. 

(2) Coasts cut into sedimentary and tuflaceous rocks. Such 
coasts are well developed in the Wharckauri-(^ape Youiig-Tioriori 
section in the north of the island. The rocks differ (*onsiderably in 
hardness and stratification; tuffs, massive or well bedded, soft green- 
sands, and occasionally lava-flows and dykes go to make a most 
irregular coast. (Icnerally the cliffs are abrupt and youthful, talus- 
slopes ar(‘ not greatly in evidence, but well-defined wave-cut platTorms 
are a feature. 

At Red Bluff cliffs cut in hard limestone and tuff rise sheer from 
the sea. South of Waitangi fine cliffs are cut into tuffs and tufaceous 
limestones. Wide, flat, and remarkably regular wave-cut platforms 
are here beautifully developed. The shelf is often more than 
20 yards wide and is covered at high-water. In i)laces it is littered 
with large fallen blocks of tuff. It stops suddenly, and ther(‘ is a 
vertical drop into deeper water (about 6 fathoms at Waitangi cattle- 
yard). 

Similar platforms are cut into well-bedded tuff at Owenga, at 
various places on Pitt Island, viz., Onoua, Moutapu, Kahuitara, on 
the north and east coasts of South-east Island, and elsewhere. 

(3) Dune-coasts. Sand-dunes, some of Pleistocene age and 
others formed within the history of man, form large stretches of 
the coast-line. The most notable rise from a huge spit running from 
Okawa to Owenga, 27 miles, which cuts off an extensive arm of the 
sea to form the large lagoon, Te Whanga. The dunes here reach a 
height of 60 ft., but the average is much less. On the inner side 
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of this spit are great stretches of fine sediment covered with salt- 
marsh vegetation. This area seems to be gradually encroaching on 
the lagoon region. (For a description of the salt-marsh areas see 
Cockayne, 1901.) 

A coastal strip of high dunes runs from Matarakau to Whare- 
kauri, and another from Waikawa to Waitangi. Much of this dune- 
formation is of recent origin, and this is accounted for by the intro- 
duction of stock, which tramped down or ate out the succulent plants 
formerly acting as binding agents fixing the dunes. Immediately 
north of the mouth of the Nairn, fifty years ago low swamp extended 
almost to high-water mark, but there is now on the seaward side 
of the swamp which extends inland to Lake Huro an extensive zone 
of dunes a quarter of a mile wide and 50 to 60 ft. high. These 
dunes and others elsewhere have been planted in coarse grass, which 
helps considerably to check further advance. These facts, given by 
Messrs. Seymour and McClurg, receive support from the occurrence 
of seams of peat, containing large logs, which outcrop on the Wai- 
tangi Beach. 

At the north end of Kckerione Beach from Waikawa to Te Roto, 
and again further north between Taupeka and Matarakau, advancing 
dunes are burying former extensive forests of karaka (Moriori kopi, 
Corynocarpus laevigata). 

Although the introduced stock may upset the equilibrium 
between vegetation-control and dune-formation, this factor cannot 
be the only one at work. An area covering several square miles of 
more ancient dune (in the formation of wliich stock played no part) 
is found on the shores of Te Whanga between Waipapa and Titi- 
rangi. 

In several localities the existence of more than one cycle of dune- 
formation is shown, and different phases of the present cycle may be 
noted. Thus at Te Roto, dunes are forming at an alarming rate, i.e., 
progradatioii is occurring ; while at Maunganui and elsewhere on the 
north coast the first cycle dunes are suffering degradation by the 
continued action of the sea-waves. 

(4) Coasts cut in volcanic rocks. At Maunganui the coast shows 
several interesting features. Maunganui itself stands guard as a bold, 
rugged rampart oyer the western end of the north-west j)eninsula. 
On the seaward side it rises almost perpendicularly from sea-level 
to a height of nearly 600 ft. Its lower portions are protected by 
huge talus slopes covered with native bush. The cliff is of a com- 
posite nature being cut into limestone, overlain by limburgitc and 
followed by a huge accumulation of coarse volcanic tuff. It gives 
cAidenee of relative uplift in recent times. The seaward slopes of 
the peak are obviously wave-cut. At the present time they are 
distant 150 yds. from high-water mark. Since uplift, progradation 
has occurred — a line of high sandhills of some antiquity lies between 
the cliffs and the sea. These were much more extensive 50 years ago 
{vide C. Seymour) and were covered by akeake {Olearia Traversii) 
and karaka forests half a mile in width. 
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Thus we have the following sequence of events: — 

(1) Cutting back of the cliffs. 

(2) Uplift and formation of talus slopes. 

(3) Progradation. 

and (4) Cutting back of the first cycle dunes. 

Further evidence of this uplift is found in the same area. A 
pronounced terrace runs from Maunganui towards Wairau separating 
the higher peat-plateau from a lower swamp-area nearly at sea-level. 

latter is of the nature of reclaimed ground and is still accumulat- 
ing. It is separated from the sea by a wide fringe of high sand-hills 
running the length of Ilurikia Beach. The schist-reef forming Cape 
J^attison may have allowed sand-bars to accumulate inland, and these 
have been slightly uplifted. The height of the terrace is approxi- 
mately 50 ft. above sea-lcvel. The uplift seems to have been relatively 
old, since the terrace is in places almost obliterated. 

A similar terrace fronted by flat swamp is found round the 
mouth of the Taoroa Creek, east of Maunganui. It also shows 
mature features. 

Turning now to examine the volcanic coasts of the southern 
half of the main island, one sees that the west coast from Waikaripi 
to Durham Point and thence to Gap Point is low-lying with a gradual 
slope from the coast to inland ridges. The beach is composed of 
rounded boulders, the monotony being occasionally broken by the 
l)resence of large trachytic dykes. 

The change in topography at Waikaripi is very marked. Prom 
Wait angi south to Waikaripi the sea-front is formed of tuff and 
then horizontally-bedded limestone cliffs 200-3D0 ft. high. These 
cliffs terminate abruptly at Waikaripi where the volcanic scries 
commences. The presence here of a strong fault seems the obvious 
inference. 

On the opp^ite side of the island from Tongarewa past Owenga 
to Manukau Point the same type of boulder-coast is found. 

From Gap Point to the Horns (Cape L^Eveque) and thence 
along the whole of the southern coast of the island to Cape Fournier 
and Manukau Point there is a series of perpendicular cliffs ranging 
Irom 400 to 800 ft. in height. The coast-line is not straight, but 
must clearly be ascribed to faulting. It is now somewhat broken, 
and cut in places by deep gorges. In most cases the small streams 
draining the swampy plateau discharge into the sea by high falls. 
The divide between these and the northward-flowing drainage-systems 
is close to and approximately parallel to the line of cliffs. It seems 
probable that before the submergence of the Pitt Strait block, the 
highest point of the Greater Chatham Plateau was close to the 
present line of cliffs. Although this coast was observed at the Homs 
and at the Manukau end, it is perhaps most accesible at a central 
spot, Te Awatapu. 

At this locality a block of some 300 acres has slipped half way 
to the sea. The height of the upper cliff is about 750 ft., while thie 
top of the slipped block is about half that. Up till quite recently 
this area has b^ inaccessible from land, but a track has now been 
cut down the cliff-face and the former covering of primeval bush 
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lias been felled. The slipping inovenient is probably still in progress ; 
within the last two years a huge block has dropped two feet. (Ireat 
landslips from the upper cliffs occur periodically, and thus immense 
accumulations of talus have collected and are still forming. Else- 
where along this part of the coast talus slopes at sea-level are unusual. 
Wave-cut platforms have been noticed in many places. 

The average height of the seaw'ard cliffs in other portions oT the 
southern plateau is approximately 200 ft. The surface is most 
irregular, and probably cracked considerably during dislocation. It 
has subsequently been greatly modified by the deposition of d(»trital 
inatter. Small lakes or centres of inland depression are common. 
Talus sloi)es are finely developed and of great size. 

The cliffs along the whole of this coast are being reduced by a 
succession of rock-falls and land-slides. Bands of relatively soft ash 
betw^een successive lava-flows become excavated, thus hastening the 
destruction. 

(h) Pitt Island and smaller island groups. The group of 
islands known collectively as Rangiauria or Pitt Island consists of 
three Jiiain land-masses of wdiich Pitt Island ])roper is by far the 
lai^est and most important. Mangere, lying off* the north-west coast, 
and Rangatira or South-east Island arc also utilised for ]).istoral 
])UJ*pose8. Smaller rocky islets are numerous, the most important 
))eing Rabl)it Island (Wiarekaikite Motu) off Whenuataru, Little 
Mangere (Tapuaenuku) and the Castle (Rangiwdicao) south-west of 
Mangere, and the Star Keys .some twelve miles east of Kahuitara 
(North Head). Still smaller islands are numerous, especially ofl' the 
southern Murumuru coast; of these Round Rock (Rangituke), Fancy 
Rock, and The Pyramid (Te Rekokoe) are most noteworthy; several 
dangerous reefs are known. The group as a whole is urgently in 
need of a thorough marine survey, the danger of neglect being shown 
])y the great number of wrecks here during the last century. 

Pitt Island is roughly triangular in outline, the apex being 
direct('d to the south (Murumuru Peninsula). The base of the 
triangle from Whenuataru to Kahuitara is six miles wide. The length 
of the island from Moutapu to Murumuru is 9 miles. The width 
from Waihere to Kahuitara is 6 miles, while from Rangiauria to 
(ilory Bay it is 4 miles. The area of the main island is 15,630 acres, 
or apjiroximately 24^ sqUiire miles. 

The north-west coast from AVhenuatara to Moutapu is cl iff - 
bound but contains two small harbours. Flowerpot Harbour or Oiioua, 
the chief port of the island, and Parimatu(?) or Boat Harliour, a 
small cove a mile further to the west. The latter is used as a shelter 
during the somewhat prevalent south-east storms. Flowerpot Har- 
bour may be used in certain winds only and under suitable conditions, 
loading or unloading being by means of surf-boats. From Moutapu 
a stretch of sandy beach runs south-east four miles to North Head 
or Kahuitara, a rugged peninsula of volcanic rocks. South of North 
Head the coast is rocky or sandy by turn, and the coast-line swings, 
first into Waipaua Bay, and second, into Glory Bay which gives a 
good anchorage in most winds. From Glory Bay to Murumuru the 
coast is irregular and rugged in the extreme* On the north of the 
west coast Waihere Bay forms a large indentation 3 miles across* 
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Most of the coast is bounded by high, precipitous cliffs, but Waihere 
beach composed of sand lying at the foot of slipped cliffs and fallen 
detrital blocks, is nearly one mile in length. The south arm of Wai- 
here Bay terminates in Waihere Bluff with vertical cliff's rising 700 to 
800 ft. from the sea. Thence south to Murumuru the coast is again 
very irregular and rugged. Bangiauria forms a bold point with steep 
cliffs nearly 700 ft. in height. Murumuru rises sheer to the trigono- 
juetrical station 600 ft. from the sea. 

The topography of Pitt Island is that of a plateau of a general 
height of 200-300 ft., much dissected by subaerial and stream erosion. 
On it are several high, bold ramparts of volcanic rocks, of whicli 
the most striking arc Waihere (971 ft.), Whakepa (734 ft.), and 
Bangiauria (678 ft.). Two farther prominent heights arc Whapaka 
(937 ft.) on Mangere, and Bocky Peak or Whakarere-oro (678 ft.) 
oil South-east Island. 

Smaller peaks of 608 and 702 ft. arc found near Whakepa, of 
424 ft. near (llory Bay, and of 596 ft. at Murumuru; Kaingaroa 
(393 ft.) is the highest point in the north of the island. The 
Pyramid (Te Bekokoc), a small pinnacle 6 miles south of Murumuru,. 
reaches a height of 566 ft. 

A line extending from Waihere to Whakapa divides the island 
into two distinct areas, so far as mere descri])tion is concerned. 
North of this line the land belongs to differtmt members of the Hunt 
family, which has been resident on the island since about 1840. 
Most of this northern block, with the exception of relatively small 
areas near Waihere and Whakepa, has been cleared of the native 
bush which formerly reached sea-level all over the island, and now 
forms fine pastoral lands which rival the best New Zealand land in 
stock-carrying capacity. These favourable conditions are in a large 
measure due to a mild climate, and a soil derived from limestones 
and volc«inic tuffs. 

South of the Waihere- Whakepa boundary, with the exception 
of the “(dory Clears,'' the south half of the island is densely 
i)ushed, and communication can be maintained only by boat or by 
horse over ill-constructed and little-used bush-tracks. Outcrops of 
rocks are practically confined to the summits of the hills and to the 
often unscalal)le coastal cliffs. 

The drainage-system of Pitt Island consists of small streams 
and creeks, most of which have their sources in small swamps in the 
uplands. The two main streams are the Tupuangi in the north and 
the Waipaua in the south. The Tupuangi has its headwaters on the 
northward-facing slopes of Waihere Hill whence it flows north for 
two miles in a relatively deep valley cut through tuff and marl, 
and enters the sea at the north end of the Onekura Beach. Near its 
mouth it broadens into a small lake, formed by the seaward accumu- 
lation of sand-dune. It is the only lake of any size on the island. 
The Waipaua is the largest stream, but the volume of water is small. 
It enters the sea one mile north of Glory Bay through a small gorge 
cut into soft tuff. It has two main branches, the south-west and 
larger tributary draining the high land round Bangiauria, while the 
north-east branch drains some of the high land between Waihere 
and Bangiauria. 
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Of the smaller creeks the Waipapaku enters the sea some two 
miles north of the Waipana; another creek of note has its source 
at the north end of Waihere beach, flows north and enters the sea 
at Flowerpot Harbour, where it cuts a small gorge through the lime- 
stone down to the underlying tuff. Although the volume is small, 
it could probably be utilized to drive a water-wheel and so give a 
small local supply of electricity. 

At the south end of Pitt Island, on both sides of the Murumuru 
peninsula, from Waikuri to Murumuru on the east, some interesting 
gcomorphological phenomena can be observed. This i>eiiinsula is 
composed for the main part of horizontal or nearly horizontal volcanic 
tuffs which arc moderately coarse-grained and as a rule imperfectly 
bedded. The mass is strengthened, however, as at Murumuru itself, 
by intrusive masses of basalts. Murumuru trigonometrical station 
is 596 ft. high, but the average height of the area is about 350 to 
400 ft. The coast line is extremely precipitous and extensively 
dissected by deep ravines — where flow the master-streams. The inter- 
fluves have bmi reduced to steep, sharply-defined razor-backs. 

On the sides ot‘ these sharply-angled ridges the process of 
“abstraction’^ is w,ell depicted. Besides the action of the master- 
streams, on the seaward slopes and upper seacliff surfaces small 
streams, more often than not dry, finely dissect the whole surface 
of this area with small ravines separated by narrow, steep-sided 
ridges. This good example of consequent drainage and abstraction 
seems to be in a more advanced stage ol* the cycle than that figured 
l\y C. A. Cotton.* 

As a result of this abstraction another process is clearly illus- 
trated on this coast. By tlie formation ot‘ the ravines descril)ed many 
points or headlines become separated from the main block by a 
narrow ridge. This eventually becomes undermined by wave action 
and the formation of caves, or disintegrates under the conlinuc^d 
action of the streams. Thus innumerable stacks are formed which 
as a rule are steep-sided and more or less conical. On the map pre- 
pared by Smith and Eolx^rtson about sixteen small islands are dotted 
around the Murumuru Peninsula. A few of these are, however, of 
Aolcanic origin. Many stacks are unirmpped, and many more partly- 
foimicd stacks were noted. t 

A short stretch of dune-coast is also present on Pitt Island 
i'xt ending from Tapurangi to Kahuitara; it is probable that the 
small Tu[)urangi Lake owes its formation to this cause. Advancing 
dunes are also gradually covering Kaingaroa Hill at a height of 
nearly 400 ft. 

The writer was unable to visit Mangere, which lies some 3 miles 
off the north-west of the main island. It is roughly club-shaped, 
with the club-head directed to the north and the east. The north- 
easi coast is a magnificent cliff of tuff 900 ft. high. It slopes quickly 
to almost sea level at the south-west end and a landing may be effected 
there under suitable weather conditions. 

*C. A. Cotton, Qeomorphology of New Zealand, Pt. 1, p. 68, Pig. 66b, 
1922. 

tFor the formation of stacks, see Cotton Zoc. cif., p. 406, Pig. 895. 
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The rectangular South-east Island, or Rangatira, is lowest in 
the north, but rises rapidly to 678 ft. in Rocky Peak in the south. 
The coasts, except the northern, are rugged, bold elifiPs. A good land- 
ing can be made at Te Outa in the north under favourable circum- 
stances. This island lies 2 miles south-east of (Jlory Bay. It is IJ 
miles long in a north and south direction and 1 mile wide. 


3. GEOLOGICAL STRUf^TURE. 

The structural features of the Chatham Island group may best 
be considered if the main island is divided into three large areas. 
The largest of these is the Southern Plateau of volcanic rocks; this 
area includes all the land south of an cast-west line from Waitangi 
to the east coast a mile or so north of Oweiigu. 

The second region lies to the north of this line and south of 
an indefinite line drawn from Te Roto to the north-west corner of 
To Whanga Lagoon. This is the district in which limestone is the 
main rock. 

Finally, the third structural unit consists of the schist areas 
found in the northern parts of the island. This last region may bo 
further subdivided into (a) an easteni schist area, including the 'VVai- 
papa Ooek, Taupoka Point, and the North-east Peninsula; (b) a 
ANOstorn schist area running from Waikawa to Cape Pattison; and 
(c) a north central division of volcanics and sedimontarios stretching 
fronitTioriori in the west to Wharckauri in the cast. 

(a) The Southern Plateau Area , — Almost the whole of this block 
is made up of a succession of horizontal lavas and tuffs. The 
structure is fairly clear and simple. 

The shape of the area is determined by a scries of three or more 
]>arallel fault -fractures. The main line of faulting trends in a north- 
east direction. The southern coast which consists of perpendicular 
(‘lifl's ranging from 600 to 700 ft. in height is clearly along this 
trend line. A strong fault runs from the Horns (Caiie L’Eveque) 
to (^ape Poumicr. The northern shore of Pitt I'^land represents 
the southern side of the block which has been i*elati\ely depressed 
to form Pilt Strait. 

The coast on the north-west side of the block, from Point 
Durham to Point Weeding, has the same general tri'iid, and may 
be ascribed to faulting. The majority of the streams draining this 
block, the Makara, Te Awainanga, Te Mata-o-Pakihau, the Mautere, 
the Mangahau, and the middle part of the Awamata, all flow^ sub- 
f)arallel in the same north-east direction. 

The trend-line second in importance is not parallel to any shore- 
line but gives a noticeably meridional course to many of the streams, 
as in the upper branch of the Makara, the Tnuaropa, the Nairn, and 
part of the Wairarapa. 

A third series of faults trending west-north-west is also indicated. 
The northern boundary of the block from Waitangi to the east coast 
north of Owenga is a fault-boundarv ; in fact it is probable that the 
sea has broken right across the island along this line. This line 
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of weakness is also followed by some of the sti'cams, viz., the Tuku-a- 
Taniatea and the Waipurua. The large Awainanga makes several 
almost right-angle turns and follows this trend for short distanees. 

Finally a north-north-west fault -direction is shown by the coast- 
line from Point Durham to the Horns. This trend is followed in 
the lower course of the Awamata, and again, after a change to the 
north-east line, in the up})er stretches of the same stream. 

Thus the drainage of this area is clearly determined by a series 
of j:)ersistcnt fractures or lines of weakness. The area affords an 
excellent example of Ilobh’s ‘ * lattice-drainage. ’ ^ 

As illustration, the two largest streams, the Nairn and Te 
Awainanga, may be taken. The Nairn flows almost due north, but 
its two main tributaries, the Mangahau and the Mautere, both flow 
to north-east. Tc Awainanga shows thd relation of drainage to 
structure even more fully. Its headwaters (the Tauaropa) flow due 
north till joined by Te Mata-o-Pakihau which flows to the north-east, 
the two uniting in the main stream or Te Awainanga, which continues 
in the latter direction until it turns sharply to the east-south-east, 
and shortly afterwards is joined by the Makara. This tributary at 
first flows north, but turns north-east before entering the main 
stream. Below the junction the main stream also turns north-east 
before it enters the swamp at Bangihapainga. Hence practically 
the whole course of both these streams has been determined by frac- 
tures which have provided lines of weaknes along which the streams 
could erode their channels with comparative ease. 

Several streams, however, especially in the south-west ^‘orner 
of the block, enter the sea by deep nai*row gorges; these streams 
were in existence prior to the ui)lift and cut gorges as the land 
rose. 

(b) Central Limestone Area . — Over most of this area horizontal 
limestone either outcroi)s or immediately underlies the surface 
deposits. The land is low-lying and calls for no special mention as 
far as tectonics are concerned. 

(c) Northern Schist Area. 

(1) North-west Peninsula. Over this area the average strike of 
the schist rocks is about 80° E. (Mag.). It varies within the limits 
65° to 102° E. The dip, in the main, is from 28° to 30°, cither to 
the south or the north. These schists then form a scries of short- 
limbed anticlines and synelines. 

Dr. Marwick, who kindly noted strikes and dips between 
Whangatete Bay and Ocean Bay, saw that in one or two localities 
the strike is extremely variable. An area of great irregularity is on 
the w(‘st side of Whangatete Bay, where there are meridional strikes. 

The fossil-plain,’’ and line of volcanic residuals in this area 
have already been discussed. 

(2) North Central Area. This area is important stratigraphic- 
ally but gives few tectonic data, except that here we have another 
centre of violent volcanic activity. The main peaks are Rangitihi, 
Puhina, and Motuariki. The tuffs, which are extensively developed, 
show great variation in strike^ and dip, probably indicating proximity 
to the centre of eruption. 
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(3) North-east Schist Area. Schists are found in Waipapa 
Creek, on the shore of Te Whanga, at Taupcka Point, and from 
Matarakau to Cape Munning and Okawa. The structure of the area 
is somewhat complex. 

In the main the schists strike, as in the north-west area, in an 
east-west direction. However, two series of schist rocks are found in 
the section at Matarakau. The lower consists of blue-grey silky 
mica-schists which strike east and west, and dip south at 30°. These 
are overlain by more massive quartz-schists which strike north and 
dip at 30° to the west. Hence the upper series has been thrust over 
the lower. The lower series is derived from a mudstone, and is more 
liable to give way to strain than is the upper. It forms the incom- 
petent member of the series. When faulting occurred, the upper 
moi’c resistant quartz-schist has berni moved over the lower more 
pliable mica-schist, and the strike Jjas locally been swung round into 
a north-south line. 

Prom TCaingaroa east to Munning Point and Okawa the quartz- 
schists strike normally, east and west. Here they are highly tilted 
and dip to the north at high angles ranging from 65° to 82°. 

SUMM^VRY. 

The island group in its present form is due to two factors. 
Immediately after the faulting that blocked out the main masses, 
Chatham Island appears to have consisted of four isolated islands. 
The largest of these '^was the southern plateau which was separated 
by an arm of the sea from the north-central area. The old shore-line 
followed the west coast of the lagoon from Waitangi to Taupeka. 
Further in the north-cast the Kaingaroa block existed as a schist- 
island, and in the north-west the Cape Pattison area was separate^ 
from Maunganui. 

The “next phase was probably a slight uplift and the formation 
of the extensive sand-bars which now link up these old land-masses. 

Pitt Island seems to be a faulted remnant of a greater Chatham 
Island, and the 14-mile wide* Pitt Strait is clearly a sunken trough, 
or perhaps an area which failed to rise when faulting occurred. 
Mangerc and Bangatira are but recently separated from Pitt Island. 

Taken as a unit the Chatham Island group represents but a 
small part of a formerly extensive land area. 
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Introduction. 

This paper enters into a detailed examination of several graptolite 
collections from t]ie Motuoka and Collingwood subdivision^ of ihe 
South Island, in regard both to their palaeontological classification 
and to their sequence, and is, more particularly, aii attempt to eluci- 
date the stratigraphicdl position of the Haupiri Series in regaid to 
the adjoining series. 

The colli‘ctions were made by Messrs. L. I. Grange and E. 0. 
Maepherson of the New Zealand Geological Survey, and Mr. S. J. H. 
Sylvester of (\anterbury College. The ("obb colicction (1231) is a 
very fine one from a bed that is highly important, both palaeontolo- 
gically and stratigraphically : some of the others, however, are in 
extremely unyielding matrices, and attest the assiduity and purpose 
of the collectoiu 

On account of the difficulty in obtaining additional collections 
we have figured some imperfect material. It all, however, shows 
sufficient detail for generic classification. 

A representative selection from this material was submitted to 
one of us (W. N. Benson) by the late Director of the Geological Sur- 
vey, Mr. P. G. Morgan. Its study indicated the presence of a number 
of species occurring also in Victoria, but belonging to a higher zone 
than had yet been recognised in New Zealand. The whole collection 
was therefore sent for examination to Mr. Keble, who confirmed the 
earlier work and recognised a number of additional forms. Though 
the authors collaborated for a time in Melbourne, it should be under- 
stood that most of the work recorded herein has been done by Mr. 
Keble, with whom rests the responsibility for the bulk of the deter- 
inination and illustration of the species, and all comments on their 
phylogenetic significance. 
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We would gratefully express our indebtedness to the late Mr. 
Morgan for the opportunity of examining these very interesting 
and to Dr. Henderson, his successor, for the suggestion of 
ap^ “'nate names for the various stratigraphical subdivisions pro- 



Geoixhjioal Sketch Map of the Mount Arthur District Showing 
Grajtoute Localities. 
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posed in the Ordovician system in New Zealand, and for the geolo- 
gical map herewith. To Mr. L. I. Grange we are indebted for notes 
descriptive of the geological occurrence of the fossiliferous beds. 


Problem Stated 


Three sets of Palaeozoic beds, which may be distinguished by 
lithology, form broad meridional belts through the western part of 
the Motueka Subdivision. The strike of the rocks is north and south, 
and most of the dips are steeply eastward; there are, however, many 
exceptions. What has always been regarded as the Aorcre Series, the 
mo'^t westerly belt, consists of green and grey argillites and grey- 
wackes overlain by dark argillites and shales with thin greywacke 
bands and lenses of marble. The Cobb graptolites (Coll. No. 1231) 
are from the dark shale containing thin greywacke bands. They were 
collected from both sides of the Cobb Valley, and lie about 15 chains 
above a strong band of quartzite (Sketch Map). The Mount Peel 
graptolites (Coll. No. 1227 and 1229), which come from shales a little 
west of Mount Peel, have been regarded on stratigraphical evidence 
to be a little higher than the Cobb graptolites. The Haupiri rocks, 
which lie east of the Aorere beds, consist of thick conglomerates, 
greenstones (metamorphosed igneous rocks), greywacke, and argillite. 
The eastern belt forming the typical Mount Arthur Series is made up 
chiefly of marble, phyllites, and dark shales, which in some places are 
interbedded with greywacke bands similar to those of the western 
band. Those beds contain the Lodestone Peak (Coll. No. 1226) and 
Flora Track (('oil. No. 1232) graptolites. Prom the marble farther 
north a few corals and crinoid stems* have been collected. About 18 
miles or so southwest wards of the Lodestone, trilobites were obtained 
from what are thought to be the Mount Arthur beds. These trilo- 
bites have been identified by Dr. Cowper Reedt as Ordovician (per- 
haps Upper Ordovician), 


Tn the field the evidence is not clear as to the stratigraphical 
succession of these beds. Two classifications may be drawn up, the 
youngest formation being on top. 


( 1 ) 

Mount Arthur Series 
Ilaupiri Series 
Aorere Series 


( 2 ) 

Haupiri Series 
Mount Arthur Series 
Aorere Series 


By the old Survey the Haupiri Series was placed above the 
Mount Arthur Series. In some places the Haupiri Series rests on 
what are considered to be portions of the Mount Arthur Series, while 
in others it appears to underlie them. The investigation of the 
palaeontological evidence that may throw light on the stratigraphical 
relationship is the main problem of this paper. 


♦Dr. Cowper Reed compares the corals with Palaeopora inordinata 
Lonsd., an Ordovician species. The encrlnl^ are indeterminable. 

tF. R. Cowper Reed, “New Trilobites from the Ordovician Beds of 
New Zealand,"' Trans. N.Z. Jnst, vol. 67, pp. 610-14; 1927. 
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Collections and Locauties. 

The following list enumerates the exact localities which have 
yielded fossils: 


Ileferenee in thw 

Papei 

Coll*i‘tion No 
Geol -iiivey 

Lodestone Peak Bed 

1226 

. d 

Mount Peel, Band A. 

1227 

Leslie River, Band A. 

1228 

Mount Peel,* Band B. 

1 

1229 

Leslie River, Band B. . 

1230 

Cobb Bed 

1231 

Flora Track Bed 

1232 

Aorangi Mine Bed 

1273 


LocalU> . 


Five chains south of Lodestone Peak, 
head of Graham Stream, Mount Arthur 
Survey District, Motueka Subdivision. 
Collectors L. I. Grange and E. 0. Mac- 
pherson. 

Eastern band on ridge, dip west, about 
50 chains west-north-west of Mount Peel, 
on ridge between Peel and Cobb rivers, 
Harapaki Survey District, Motueka Sub- 
division. Collector E. 0. Macpherson. 

li mile below Peel Junction, Leslie Sur- 
vey District, Motueka Subdivision. Col- 
lector E. 0. Macpherson. 

Western band on ridge, dip east, abo 4 t 
70 chains north-west of Mount Peel, 
ridge between Peel and Cobb "ivers, 
Harapaki Survey District, Motueka Sub- 
division. Collector E. 0. Macpherson 

1} mile below Peel Junction, Leslie Sur- 
vey District, Motueka Subdivision. Col- 
lector E. O. Macpherson. 

Ridge between Cobb and Walngaro 
rivers, li miles N.E. of Lake Cobb, 
Walngaro Survey District, Motueka Sub- 
division. Collectors L. I. Grange and S. 
J. H Sylvester. 

Flora track, 4 mile north of Quartz 
Creek, Flora Survey District, Motueka 
Subdivision. Collector L. 1. Grange. 

Graphitic slate on tramway between 
Aorangi Mine and Battery, Golden 
Ridge, Colllngwood Subdivision. Col- 
lector E. 0. Macpherson. 


The positions of all these collections except that of the Aorangi Mine 
Bed are shown on the Geological Sketch Map herein. 
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List of Determinations. 

The following list enumerates the fossils which have been recog- 
nised in the collections from the several localities: — 

1226. Lodestone Peak Bed. 

Dicellograptus cf. affinis T. S. Hall. (2 si>ecimens). 
Dicellograptus spp. ( 10 ) . 

Climacograptus missilis Keblc & Harris. (2). 

Climacograpius cf. missilis K. & H. (1). 

Climacograptus sp. (1). 

Diplograptns euglyplius Lapworth var. sepositus K. & H. (3). 
Diplograpius cf. spiculatus sp. nov. (2). 

Biplograptus sp. (7). 

Crgptograpias tricornis Carr. (1). 

Rest indeterminable. 


1227. Mt. Peel, Band A. 

Dicellograpiiis cf. divaricatus J. Hall. (3 specimens, 2 figured). 
Dicellograptus cf. elegans Carr, (2). 

Dicellograptus cf. moffatensis Carr. (1). 

Diccllograpius spp. (8). 

Cryptograptus tricornis Carr. (1). 

Glossograptus sp. (2). 

Climacograpius sp. (3). 

Biplograptus cf. quadrimucronafus Hall. (1). 

Diplograpius cf. tmncaius Lapw. (2). 

Diplograpius spiculatus sp. nov. (2). 

Diplograpius cf. spiculatus, (1). 

Diplograpius englyphus Lapw. var distans K. & H. (3). 
Diplograpius cf. euglyphus var. distans, (1). 

Diplograptm semoius sp. nov. (2, Type Pig.). 

Diplograpius spp. (19). 

Rest indeterminable. 


1228. Leslie River, Band A. 

Teiragraptus simUis f J. Hall. (1). 

Didymograptus sp. (1). 

Dichograptid fragments. ( 5 ) . 

Rest indeterminable. 

The identification of T. similis is somewhat doubtful. Fragments 
of the Dichograptidae are, however, very common, occurring almost 
on every slab. The Didymograptus is suggestive of the D, euodus 
group. All that may be said is that the horizon is most probably 
Lower Ordovician. 

1229. Mount Peel, Band B. 

Dicellograptus sp. (5). 

Indeterminable. ( 1 ) . 
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1230. Leslie River, Band B, 

? Lasiograptus sp. (1). 

Dicellograptm sp. (1). 

Dicranograptus of. rectus Hopk. (1, Pig.)« 

Climacograptus sp. (1). 

Diplograptus sp. (1). 

Biserial forms. (2). 

Bt*sl indeterminable. 


1231. (^obb Bed. 

Didgmograptus eiiodus Lapw. (1, Pig.). 

Didymograptus of. euodus, (1). 

Didymograptus of. supersies Lapw. (1, Pig.). 

DidymograpiuH of. sagitiicnuHs Gurley. (1, Pig.). 
Didiftnograpius sagitticaulifi Gurley var. cohbensis nov. (5, Type 
Pip:.). 

Didymograjjius caduceus Salter. (1, Pig.). 

Didymograptus caduc(us Salter var. spinifcr nov. (1, Type 
Pig.). 

Didymograptus ovatiis T. S. Hall. (3, Fig.). 

Didymograptus sp. (4). 

Teiragraptus tabidus sp. nov. (1, Type Pig.). 

Tctragrapius el*, tabidus, (2). 

Teiragraptus (?) insueius sp. nov. (6, Type Pig. and two 
others). 

Azygograptus prolixus sp. nov. (1, Pig.). 

Vryptograptus tricornis Carr. (8, Two Pig.). 

Cryptograptus sp. (2). 

Glossograptus hincksii Hopk. (12, Eight Pig.). 

Glossograptus of. hincksiL (2). 

Glossograptus of. Jiennani T. S. Hall. (1). 

Glossograptus acanthus Elies & Wood. (1, Fig.). 

Glossograptus villosus sp. nov. (3, Three Pig.). 

Glossograptus sp. (13). 

Lasiograptus sp. 

Retiograptus speciosus Harris. (10, Three Pig.). 

Heiiograpius of. speciosus, (1). 

Retiograpius latus sp. nov. (1, Type Pig.). 

Rctiograptus of. geinitzmnus J. Hall. (1). 

Retiograptus sp. (7). 

Syndyograptus artus sp. nov. (2, Pig.). 

Syndyograptus of. pecten Ruedemann. (1, Pig.). 

Leptograptus flaccidus J. Hall var. angustus, K, & H, (1, Fig.). 
Leptograptus sp. (3). 

Climacograptus missilis K. & H. (10). 

Climacograptus of. missilis, (1). 

Climacograptus of. amtiquus J. Hall. (3, Pig.). 

Climacograptus sp. ( 9 ) . 

Diplograptus of. quadrimuermonatus J. Hall. (1). 
Diplograptus spioulatus sp, nov. (29, Pour Pig.). 

Diplograptus el spiculatus. (3), 
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Diplograptus euglyphus Lapw. var. sepositus K. & H. (24, Four 
Fig.)'. 

Diplograptus ef. euglyphus. (2). 

Diplograptus euglyphus Lapw. var, coitus nov. (1, Type Fig.). 
Diplograptus cf. teretiusculus His. (1). 

Diplograptus ef. perexcavatus Lapw. (1, Fig,). 

Diplograptus spp. (11). 

Sponge spicules. (1). 

Trilobite fragment ( ? ) . ( 1 ) . 

Rest indeterminable. 


1232. 'Flora Track Bed. 

Didymograptus cf. sagiitkaulis Gurley. (1). 

Cnjptograptus tricornis Carr. (1). 

Cryptograptus sp. (1). 

(ilossograptus sp. (1). 

Dicellograptus spp. (3). 

Dicranograptus sp. (1). 

Climacograptus hicornis J. Hall. (1). 

Diplograptus cf. euglyphus Lapw. var. sepositus K. & H. (4). 
Diplograptus cf. spiculatus sp. nov. (1). 

Diplograptus spp, (5). 


1273. Aorangi Mine Bed. 

Didymograptus nitidus J. Hall var. aorangiensis nov. (1, Fig. 
Fig.). 

Didymograptus mundus T. S. Hall. (2, Fig.). 

Didymograptus caduceus Salter mut. (3). 

Didymograptus caduceus Salter var. manuhriatus T. S. Hall. 
(2, Fig.). 

Di^mograptus sp. (2). 

Dichograptus octohrachiatus J. Hall. (2, Fig.). 

Dichograptus cf. octohrachiatus. (1), 
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Synoptic Table. 
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Didimograptus nitidus J. Hall 
Didymograpius mundus T. S. Hall] 
Didymograptus caduceus, Salter 
Didymogiaptus caduceus var, wiawu 
hnalus T. S. Hall 
Didvmogiaptun caduceus var. spmt-\ 
fer n. var. 

Didymograptus ovatus T. S. Hall 
Didymograptus cuodus Lapw. 
Didymograptus ct super stes Lapw.j 
Didymograptus cf. sagtttioaiilis\ 
Gurley 

Didymograptus sagitticauhs var. 

cohbensts n. var. 
Didymograptus spp. 

Trtragiaptus svnihs (?) J. Hall 
Tetiagiaptus tabidus n. sp 
Tftiagraptus (?) tnsuetus n. sp. 
Dichograptus octobrachiatus J. Hall 
\zygograptus proUxus n. sp. 
Ciypiogtaptus tncornxs Carr 
fjrptograptus fiaccidus J. Hall var.| 
angustus K. & H. 
Hyndyograptus artus n, sp. 
i^yndyograptus cf. pec/cnRuedemann] 
Dicellograptus cf. dtvancatus J 
Hall 

7>ic(Uograptus cf. elegans Carr 
Diccllograptus cf. a^^nts T, S. Hall 
Dicvllograptus cf. moffatensis Carr| 
Diccllograptus spp. 

Du I anograptus cf. rectus Hopk, 
Olossograptus hincksit Hopk. 
Gloswqraptus cf. hermanx T. S.| 
Hall 

Olossograptus acanthus E. & W. 
Olossograptus vxllosus n. sp. 
Olossograptus sp. 

Lasxograptus sp. 

Retiograptus speciosus Harris 
Retiograptus latus n. sp. 
Rctxograptus cf, geinitzianus J, Hall] 
Clxmacograptus missilxs K. ft H. 
Chmacograptus cf. antiquus J. Hall| 
Clxmacograptus hxcornis J. Hall 
Chmacograptus sp. 

Dxplograptus euglyplius Lapw. var. 

sepositus K. ft H. 

Diplograptus euglyphus var. coitus 
n. var. 

Oiplograptus spiculatus n. sp. 
Dxplograpius cf. quadrintucronatus] 
' J. Hall ' 

I Jyiplograptus cf. truncatus Lapw. 
Oxplograptus SemotxM n. sp. 
rtiplograptxis cf. ieretiusculus His. 
Oiphograptus cf* perexcamtus Lapw.i 
I Oipiograptus sp* 


1226 


1z27 I 1228 I 1229 


X? 


X 

XP) 


1230 1231 , 1232 


X 

X 

X 

X 

X 

X 

X 


X 

X 




X 

X 
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1273 

X 

X 

X 


Vnrangi Mine 
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Palaeontological Sequence. 

• 

The Aorangi Mine Bed (Coll. No. 1273) is considerably older 
than any bed represented in the other collections. It is the equiva- 
lent of Subzone C.l. of the Castlemaine zone of Victoria, there at 
least 8000 feet below the Turner's quarry beds, the Victorian equiva- 
lent of the Cobb Bed (Coll. No. 1231). 

The Leslie River Band A (Coll. No. 1228) is certainly lower 
than the Cobb bed (Coll. No. 1231), but precisely how far below is 
not clear from the imperfect preservation of the collection. If, as 
we think, the Didy^iograptns euodus group occurs in this bed, then 
it would be relatively close to the (^obb bed and considerably higher 
than the Aorangi Mine Bed. It probably indicates the presence of 
an anticlinal or faulted inlier of Lower Ordovician beds among the 
Upper Ordovician rocks. 

The Cobb Bed association ((^oll. No. 1231) is near the top of 
the Lower Ordovician. This highly 1‘ossiliferous bed should afford 
a very definite bench-mark in separating the Lower from the Upper 
Ordovician, particularly if the quartzite band a little to the west is 
a persistent feature. The line of demarcation between the Lower and 
Upper Ordovician lies to the east of the Cobb Bed. 

The Upper Oi‘dovician is made up of three known beds. Un- 
doubtedly resting conformably on the (^obb Bed (No. 1231) and with 
several common forms, is the Mount Peel Band B (Coll. No. 1229). 
About the same horizon as the Mount Peel Band B is the Mount Pe^d 
Band A (Coll. No. 1227), and the Lodcstone Peak Bed (Coll. No. 
1226). 

The Flora Track or Climacograpim hicornis bed (Coll, No. 1232) 
is higher than, but conformable to, the Mount Peel Bands. The only 
fairly definite species in the Leslie River Band B. (Coll. No. 1230) 
is Dicranograptus cf. recttis, but the genus is indubitable. The col- 
lection is small and this is the only bed from which Dicranograptus 
gen. has been recorded. In Victoria* the Dicranograptidae charac- 
terize subzones above the C. hicornis subzone, and occur sparingly 
with C. hicornis towards the close of the latter's range. There is 
little doubt that the Leslie River Dicranograptus Bed rests con- 
formably on the Flora Track Bed. 

Proposed Subdivision of Lower and Upper Ordovician 

Rocks. 

The following table showing a tentative subdivision of the broad 
belts of strata flanking the Haupiri Series on the east and west, that 
is, of the Aorerc Series, is based on a comparison with the sequence 
of Ordovician graptolitic beds in Victoria, and is submitted as a work- 
ing hypothesis. In order to increase its usefulness, the opportunity 
is taken to include also the graptolite-bearing beds of Western South- 
land, so that the table summarizes all the available data concerning 
the graptolitic rocks of New Zealand, and indicates what additional 
zones may eventually be found. 

♦Harris, W. J. and Crawford, W., The Relationships of the Sedimentary 
Rocks of the Gisborne District, Victoria. Proc. Roy. Boc, Viet., vol. %Z 
(N.S.), 1921. On p. 63 a broad subdivision of the Upper Ordovician is given. 
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NOTE A. In this table the tenus “ Aorere,’’ ■* Preservation/’ and “ Preservation Inlet " have been employed as series, zonal, and snbzonal names respectively 

in a manner whieii seems to accord with their orijrlnal usage, and the distribution of the rocks they denote. They have, however, been confused since their 
first application. Thus Park (18) in 1910 extended the term “Kakanui (Aorere)” to cover all the Ordovician rocks in Kew Zealand, and Marshall (19) and 
later writers have employed “ Aorere " In a similar maimer. Subseuuently Park (20; naed the term “ Preservation Inlet Series ” to denote all the slaty 
argillites and schistose greywackes of his Kakanui (Aorere) Series In Western jtouthland, siiecifteally including in these the rocks of Chalky Inlet (Caiie 
Providence I and Preservation Inlet. The discovery (Mj that the Cape Providence heds l>elong to a horizon whldi, in Victoria Is about 15,000 feet strati- 
graplilcaliy above tbe horizon represented liy the graptolitic beds at Preservation InUt, makes desirable their nomenclatural separation. 

KOTB B. ^Provision Is made for the addition, when discovered, of a basal sub-zone tci e.inivaleiit to the DMi/oncma flabelliforme subzone of Europe and 

America. This sul>zoiic is regarded bj British geologists as marking the close id ibe i'amlirlan. Irat by others in Europe and America as ushering in 
the Ordovician transgression (15, 10). It is known that ffauro/irapiiu gen is in its lower range, associated with Dlctyonema, and in its higher range, 
with a fanna similar to that of Preservation Inlet. There is reason for siispectmg that the form from Preservation Inlet figured by T. 8. Hall as 
Bryograptm (It) may actually Iwlong to the genus ^iatirograptn*. It is conft 'entl.i pgsumed that the T. approximator heds when found will he capable 


of subdivision. 

KOTB C.— Victorian subzonal aasociatlons probable in the Douglas Zone are 0. tiptilm and D caductui var munubriatos 
anpti, C. trieoniir, and D. cadiieewr (Mclvor Road, Bendigo East); C. IncoDiis iMthuut Oncopiapti (BendUo East) 

codttcetis (Turner’s Quarry). REFERENCES CITED IN ABOVE TABLE AND NOTES. 


(Woodbrook Road, Castlemaine) ; Otieo- 
; and D. ocatus, C. irtcomia, and D. 


1. Hau,, T. S. The Occurren(» of Lower Ordoviciaa Graptolites in Western Otago. Trans. XJZ. Inst vol. 47, 1914, pp. 410-1. 

2. Shabespeab, Ethel M. R. On~§bme New Zealand Graptolites, Geol. Sid^ (N.S.) Dec. 5, vo’i. b, pp. 145-4H, 1908. 

S. Keblb, R. a. Graptolites from Cape Providence, Chalky Inlet, Southland, Trans. N.Z. Inst., vol. 58, pp. 167*69, 1927. 

4. Shakespeab, Ethel M. R. Supra cit. Also Hall, T. S., The Golden Ridge Graptolites Trans. y.Z. Inst., vol. 47, 1914, pp. 
411-3. 


6. Coll. No. 1273. 

6. Harris, W. J. The Palaeontological Sequence of the Lower Ordovician Rocks in the Castlemaine District, Proc. Roy. Soc. 

Viet, vol. 29, (N.S.) p. 66, 1916. 

7. Coll, No. 1231. 

8. Hall, T. S. Reports on Graptolites, Rec. Oeol. Sure. Viet., vol. 1, pt. 1,’ pp. 33-34, 1902. Further collecting has shown that 

the fauna is larger than listed in this report. 

9. Coll. Nos. 1226, 1227, and 1229. 

10. D. spiculatus is recorded in MS. report on Dark River. 

11. Coll. No. 1232. 

12. Kerle, R. a. and Harris, W. J. OraptoUtes from Mt. Easton, Rec. Geol Surv. Viet., vol. 4, pt. 4, Iocs, 10 and 18, pp. 510- 

11, 1926. 

13. Coll. No. 1230. 


14. Kerle, R. A. and Harris, W. J. Supra cif. loc. C., p. 511, 

15. Ruedemaitn, R. Palaeontological Contributions from the New York State Museum, 16th Report of tbe State Mus. and 

Science Dept. Bull. 227, 228 (1919) pp. 118-9. Ruedemann concludes his remarks on the 0. flabelliforme zone with 
the following: “ .... it has been recognised in Europe especially through Moberg’s work, from the accompanying 
biota, that the Dictyonema shale introduces an extensive Ordovician transgression and therefore is properly consid- 

16. Harris, W. J. and Keble, R. A. The Staurograptus Bed of Victoria. Proc. Roy. Soc. Viet, vol. 40, pt. 2 (N.S.) 1928, p, 94. 

17. cf. Fig. 5, Plate VIII, Trans. y.Z. Inst. vol. 47. 

18. Park, J. The Geology of New Zealand, Whitcomb and Tombs, Christchurch, 1910, pp. 29-38. 

19. Marshall, P. New Zealand and adjacent Islands. Hanibuch der rrgionalen Geologic, Carl Winter, Heidelberg, 1912, pp. 

12-14. 

20. Park, J. The Geology and Mineral Resources of AVestem Southland, Geol. Survey, New Zealand Bull. 23, 1921, pp. 33-38. 
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Owing to the fact that Victorian palaeontologists have some 
difficulty in specifically separating the dependent group of Didymo- 
graptus in the Australian region, we have, in this tentative subdivi- 
sion, used them as a group. Similarly wo have used the reclined 
group as a group, knowing that a revision of Didymograpins caduceus 
with its many mutations is urgently required. In filing D. caduceus 
var. manubriatus as the concluding subzonal form of the Golden 
Ridge zone, we are guided by the facts, (a) that it is readily recog- 
nized by its abnormal sicula; (b) that it comes into the succession at 
a time that divides the upper portion of the Lower Ordovician into 
two approximately equal periods; and (c) that, if the beds can be 
found, the next highest subzone should contain Oncograpfus making 
the Douglas zone start at approximately the same horizon as the Vic- 
lorian Darriwil zone, an eminently satisfactory basis for comparison. 

The extinction of Tetragraptm gen. is generally regarded as 
marking the close of the Lower Ordovician and, incidentally, the 
close of the Douglas zone. Its extinction is not always easy to prove 
on account of its rarity and gerontic attenuation, which makes for 
fragmentary and poor preservation. With such an associate as D. 
ovatus which has a slightly higher range, and other characteristic 
associates in the uppermost bed, the task is somcAvhat simplified. 

The succession from the Oobb to the Mount Peel subzone is 
apparently quite conformable. All the species that will enter into 
a subdivision of the intervening beds ai’c recorded in the Cobb (Coll. 
1231) and the Mount Peel collections (1231, 1227, 1229). The sub- 
zonal forms will probably be found to be Didymograptus ovatu^ 
Azygograptus prolixus, and the several species of LeptograptuSf 
ReUograptus, Symdyograptus, and Glossograpius. We have, in the 
tentative subdivision, suggested subzones known to have Victorian 
equivalents. 

Climacograptus hicornis, the index form of the Flora Track sub- 
zone is readily recognized, as are also the Dicranograptidae. 


Conclusion. 

From what has been said above it is ob\ious that the rocks 
occurring east and west of the broad belt of Haupiri Scries belong to 
the same group of strata. The sequence of faunas shows that the 
beds were deposited, if not continuously, at least without any consid- 
erably, stratigraphical break. Clearly the Haupiri rocks, which are of 
vast thickness, cannot be included as part of the sequence from which 
the graptolites considered in this paper were obtained. Probably 
they owe to folding or faulting their position between belts of 
Ordovician strata differing little in age. 

DESCRIPTION OF SPECIES. 

Family— DICHOGRAPTIDAE. 

Genus — Didymograptus. 

Didymograptus nitidos J. Hall var. aorangiensis n. var. (Fig. 1). 

In the Aorangi Mine specimens the branches arise at an angle 
slightly less than 180° but about Th 7 assume a greater angle. Sicula 
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slightly more than 1.0 mm. long. Thecae number 12 in 10 mm., over- 
lap one-half their length proximally, and distally tM'O-thirds; they 
arc inclined at an angle of from 25° to 35°. Apertural margin 
.straight or slightly concave and nonnal to thecal axis; ventral mar- 
gin straight. 

Proximal width of branch, 0.3 mm., less than that given by Ellcs 
& Wood,* viz. 0.87 mm. for British forms of 2). nitidus; maximum 
width observed, 1.1 mm., is relatively near sicula. Angle of inclina- 
tion of thecae is, too, less than in British forms. There appears to 
be little doubt, however, that the Aorangi Mine form has close 
aiSnilies to D. nitidus and agrees well except where indicated; to 
mark these differences, therefore, we have made a varietal distinction. 

Associates — D. nitidus var. aorangiensis has as associates D. mundus, 
D. caduceus, D. caducous var. manuhriatus, Dichograptus sepa~ 
ratus, D. cf. octobrachiatus. 

Horizon — ^Lower Aorere Series, Zone-Golden Ridge, Subzone- Aorangi 
Mine. 

Bidymograptus mundus T. S. Hall. (Fig. 2). 

Hall, T. S., Vic. Grap., Proc. Roy. Soc. Viet., voL 27, p. 107, 
Fig. 9. 

Branches diverge from seiula at angle of 102° and curve to Th 6 
when they become approximately horizontal. Maximum length ob- 
served is slightly more than 40 mm. and width near sicula is between 
0.3 and 0.5 mm. Sicula 1.5 mm. long. 

Proximal thecae number 8 in 10 mm., overlap one-half their 
length and are more than twice as long as wide; they are slowly 
expanding and inclined at an angle of from 40° to 50°. Outer 
extremity forms an acute denticle. 

The Aorangi Mine specimens agree in all particulars with T. S. 
Hall’s description. 

Horizon — ^Lower Aorere Series, Zone — Golden Ridge, Subzone — 
Aorangi Mine. 

,t 

Didymograptus cf. sagitticaulis Gurley. (Fig. 3). 

Ruedemann, R. Graptolites of New York, Hew York State 
Mus., Mem. No. 1 1, pt. 2, pp. 247-251, Fig. 151-155 emend. 

In the polypary of the New Zealand specimen the branchy 
diverge from the sicula at 45° or more (sicula not visible) but attain 
approximate horizontality within 10 mm., a width of 0.7 mm. within 
2.0 cm. and 1.0 mm. within about 5.0 cm. from the sicula. 

Thecae in proximal portion of specimen 7 or 8 in 10 mm., inclined 
at an angle of ftom 15° to 20°, overlapping one-quarter their length, 
6 or 7 times as long as wide ; in distal portion 6 or 7 in 10 mm., 
inclined at an angle from 20° to 25°, overlapping one-half their 
length, 6 or 7 times as long as wide, ventral margin straight or 
slightly concave, apertural margin straight, normal to axis of theca. 

*Elles, Gertrude L., and Wood, Bthel M. R., British Graptolites pt. 1, 
p. 10, Palaeon. Boo., vol. 65. 
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This differs from Euedemann’s description in (a) a dorso-con- 
eave as compared with a dorso-convex curvature of branches near 
sicula, (b) ventral margins of thecae straight as compared with 
straight or slightly convex margins in American forms. How far 
these differences are attributable to the direction of compression is 
difficult to judge, but there is a close agreement between the two 
forms, and if the sicula were not missing in the New Zealand speci- 
men we would have no hesitation in relegating it to D. sagitiicaulis 
without reservation. 

^Lower Aorere Series, Zone — ^Douglas, Subzone — Cobb. 

Didymograptus sagitticaulis Gurley var. cobbensis n. var. (Figs. 
4a-c). 

Polypary declined, but branches passing from gentle dorso-con- 
eavc curvature into relative straightness, 0.3 mm. wide near sicula. 
gradually widening to 0.5 inm. at about Th. 16, but maximum width 
not known. Sicula small, about 0.5 mm. long and 0.3 mm. broad. 
Thecae number 12 or 13 in 10 mm. in proximal portion, and 11 in 
distal portion. Proximal thecae about 1.2 mm. long and 0.5 mm. 
wide with straight apertural margins normal to axis of branch, ven- 
tral margins concave, twice as long as broad, overlapping one-fourth 
their length or less and inclined at angle of 25°. Ventral margin 
straightens as polypary develops and with the oblique apertural mar- 
gin forms a distinct denticle. The most distal thecae observed are 
1 8 mm. long and 0.6 mm. wide, more than twice as long as broad, 
overlap one-half their length, and are inclined at an angle of 20°. 

The first thecae originate near the apex of the sicula and diverge 
below the parture. The species differs from Z>. sagitticavlis in the 
proximal curvature of the branches, closer set of thecae in the more 
distal portions, the point of divergence of the branches, and in other 
minor respects, but there is little doubt regarding its affinity; these 
differences are, perhaps, regional but we think they merit a varietal 
distinction. 

Horizon — Lower Aorere Series, Zone — ^Douglas, Subzone — Cobb. 

Didymograptus cf. superstes Lapw. (Fig. 5) 

Elies, Gertrude L., and Wood, Ethel M. R., British Grapto- 
lites pt. 1, Palaeon, Soc., vol. 55, p. 19-21, plate 1, figs. 9 
a. b., text figs. 11 a. b. c. 

In the Cobb River collection there occurs a sicula and proximal 
portion of a Didymograptus which we think may be correlated with 
this species. Branches 0.3 mm. wide near sicula from which th(‘y 
diverge at wide angle but subsequently become straight ; at Th 6 they 
attain a width of approximately 1 mm. Thecae number 5 or 6 in 
10 mm., arc twice as long as broad, overlap slightly in the proximal 
portion and about one-fourth their length at Th 6. Ventral margin 
irre^larly concave, inclined at angle of 30°, apertural margin 
straight or slightly concave, lying at angle of from 140° to 150° ta 
axis of branch. Sicula small and inconspicuous probably with nema. 
Unfortunately the sicula is somewhat indistinct and the distal por- 
tions of the branches are missing. 

Horizon — ^Lower Aorere Series, Zone — ^Douglas, Subzone — Cobb. 
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Didymograptus euodus Lapw. (Figs. 6a-c). 

Lapworth, C., Quart. Journ. GeoL Soc,, vol. 31, p. 645, PL 35, 
Pig. la-c. 

In the New Zealand form the sicula is 1.1 mm. long and 0.5 mm, 
wide. Thecae number 8 or 9 in 10 mm., are four or five times as 
long as broad, overlap one-half their length proximally, and from 
one-half to two-thirds distally, inclined at angle of from 20® to 30° 
(distally). Ventral margin with shallow double curvature, apertural 
margin straight or slightly concave. Minimum width near sicula 0.5 
mm,, maximum width 1.5 mm. 

Owing to distortion the appearance of the sicula in the only 
specimen (Fig. 6b), where it is visible is unusual. It has the appear- 
ance of having two openings, an aperture corresponding to the nor- 
mal one and i\ subangular one near the apex. The normal aperture 
is circular and has the appearance of opening from the side of the 
sicula. The whole sicula has been reversed and were it not for the 
traces of a nema one w^ould have difficulty in distinguishing its apical 
from its apertural region. The points of origin of the first thecae arc 
obscure. 

Horizon — ^Ijower Aorerc Series, Zone — Douglas, Subzone — fobb. 

Didymograptus caduceus Salter. (Pig. 7). 

Salter, J. W. (pars), Quart. Journ. GeoL Soc., vol. 9, p. 87, 
Pig. la. 

Branches about 5 mm. long, decreasing from a width of 1.5 mm. 
at sicula to 1.0 mm. at distal end. Sicula 2.0 mm. or more in length. 
Thecae 16 in 10 mm., curved, inclined to axis of branch at about 45°, 
two to three times as long as wide, in contact two-thirds their length. 
Apertural margins concave. 

The variability of this species is clearly shown by tabulating the 
.several dimensions from Elies & Wood’s, Ruedemann’s and the New 
Zealand forms — 

New Zealand sp. j America* Britaint 

3.5 I 2.2 2.1 

1.0 ' 1.1 — 

long, very slender 1 long and long and 
I slender slender 

45® I 45® 45® 

3:1 { 3:1 4:1 

i none none 

concave, conepic- concave, concave 

uously mucronate mucronate 
or spinous , 

12-13 I 11-14 16 

Horizon — Lower Aoreri* Series, Zones — Golden Ridge and Douglas, 
Subzones — Gape Providence to Gobb (incL). 

♦Ruedemann, R. Qrap. of New York, New State Mm., Mem. 7, pp. 
693-8. 

tElles, Gertrude L. and WTood, Ethel M. R. Brit. Grap., pt. 1. p. 52-4. 
Palaeon. Soc., vol 55. 




I Angle of ventral 
I / margin 

Length to breadth 

Thecae ' Overlap 

® I ( Apertural margin 


I ' Number in 10 mm. 
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Didymograptus caduceus Salter var. manubriatus T. S. Hall. (Fig. 

B). 

Hall, T. S. Proc. Ro'if. Soc. Viet, vol. 27 (N.S.), pt. 1, pp. 
108-9, PI. 17, Fig. 12 and 13. 

T. S. Hall states that D. oaduceus var. manubriatus diflfers 
from the typical form by the immense size of the sicula, which at the 
point of separation of the branches is as wide as the branch itself. 
Thecae 10 in 1 cm. Branches diverging at 130° to 140° and varying 
from 2 to 3 mm. in width.*’ 

The dimensions tabulated with those of the New Zealand form 
are as follows: — 


Victorian Species. | New Zealand Species. 


I Sicula 

I 

Thecae in 10 mm. 
Branches 
I Divergence 
I Width 


as wide as branch at not quite as wide as branch, 
di^ergence, conical i tapering 

? , 13-14 


130'’-140‘’ 
2-3 mm. 


100 ® 

1-2 mm. 


Before accepting these differences it would be advisable to com- 
pare a numlier of more mature New Zealand forms, particularly as 
T. S. Hall* says that '‘there is a considerable range in wddth of 
the branches and the angle of divergence, but the great size of the 
sicula is remarkable.” 

Horizon — Lower Aorerc, Zone — Golden Ridge and probably Douglas, 

Subzon(» — Aorangi Mine and next subzone above. 

Didymograptus caduceus Salter mut. spinifer n. mut. (Fig. 9.) 

Branch('s long, over 40 mm., decreasing in width and forming a 
j)()l\pary, the contained angl<‘ of A\hieh falls within 25'". Sicula about 
1.5 mm. long. 

Thecae 12 to 13 in 10 mm., curved, inclined to axis of branch 
at angle of from 25° to 35° (distally), from three to four times as 
long as wide, in contact for more than three- foiu’ths their length, 
Aentral margins, concave, apertural margiirs, concave in proximal 
thecae, each produced into a more or less conspicuous spine or muci^o. 

This is one of the many mutations of Z>. caduceus that call for 
a revision of tlc' species. It differs from the typical species in {inter 
alia) (a) the smaller inclination of the thecae, and, (b) the smaller 
(‘ontained angle of the polypary, and (c) the spinous nature of the 
proximal thecae. Ditferences (a) and (b) are concomitant and may 
be of some phylogenetic value as they foreshadow the concrescence of 
the branches in such a gemis as CyordiograpUis.] 

Horizon — Lower Aorere Series, Zone — Douglas, Subzone — (‘obb. 

* Supra cit 

tHarrls, W. J., The Palaeontological Succession of the Lower Ordovician 
Rocks in the Castlemaine District, Proc, Hoy, Soc, Vtct.. vol, 29 (N.S.), pt. 1 
(1916), PI. 1. Fig. 1-3. 
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Didymograptus ovatos T. S. Hall. (Pig. 10). 

Hall, T. S., Bee. Geol. Surv. Viet, vol. 1, pt. 1, p. 33, Pig. 1. 

T. S. Hairs description was as follows: — ‘‘Hydrosome [Poly- 
paryj stout, branches abruptly recurved and ^adually approaching 

one another Branches of a uniform width of 1.0 mm. or to 

the top of the mucronate extensions of the thecae about 2.0 mm. 
Sicula long and lender with a delicate virgula. , Thecae curved, 
expanding, about 0.5 mm., overlapping by one-half their length, and 
at a distance of about 10 mm. from the sicula inclined at an angle of 
40°; outer margin cyarved; apertural margin deeply concave, and 
produced so as to make, with the outer margin, a stout, spinos^, 
mucronate extension of about 1.0 mm. in length. Thecae numbering 
12 in 10 mm.^' 

The New Zealand form is much more robust than the Victorian 
but is, at the same time, not so long and does not show the recurva- 
ture. Sicula short (2.7 mm.) and broad (2.0 mm.) ; there is no nema 
(virgula). Thecae wider, overlap two-thirds their length, are inclined 
distaUy about 45°, and have spines up to 2.0 mm. in length. Thecae 
number 9 in 10 mm. Most of these differences are merely relative 
and there is little doubf that the form from Cobb RiVer is the regional 
equivalent of the Victorian form. Further collections from Sandy ^s 
Creek made by the Victorian Geological Survey since Hall described 
D. ovains in 1901, contain forms of D. ovatus markedly similar to the 
New Zealand form in an association that is almost identical. 

Horizon — ^Lower Aorere Series, Zone — Douglas, Subzone — Cobb; also 
probably ranging up into the Mount Arthur Series. 

Associates — In the Cobb subzone D. ovatus is the index species with 
Tciragraptus g(‘n. In the Mount Arthur Series it occurs without 
T. gen. 


G onus — T etragraptus. 

Tetragraptus (?) insuetus n. sp. (Figs. 11 a-c.) 

Shape of polypar>" unknown, but almost certainly one in which 
dichotomy up td the second order has taken place. Branches usually 
exhibit a dorsal curvature. Sicula not seen. Thecae suggestive of 
the Monographis type, 12 or 13 in 10 mm., aperture normal to axis 
of branch or slightly everted and prolonged into a broad spine ; ven- 
tral margin with a slight sigmoidal curvature. Overlap slight. 

Like Monographis T, insuetus sometimes shows torsion of thecal 
axis (Fig. 11c). Apertures seen on left hand branch (Fig. 11c) while 
on the other branch apertural termination is blunted in more proxi- 
mal thecae and almost entirely concealed in distal thecae. On the 
other hand, all thecae of one branch (Fig. 11b) are more or less spin- 
ous while on other branch of same polypary ventral walls are absent 
only, the thickened apertural margin with its spinous termination 
being preserved and suggestive of some forms of Rastrites. 

The generic position of T. insuetus is doubtful. As yet we have 
only seen portions of the polypary which show, however, with toler- 
able certainty that the form branches by simple dichotomy. The 
unique features of the form are too important phylogenetically to 
pass over, particularly as a complete polypary of such a compara- 




(All figures twice natural size). 


i*!!: 1 DidymoQiapiut nitidiu J Hall var 

aoiangienttia var. nov. Lor No. 1273. 
Polypary 

Pig 2 D. mundug T. S. Hall, Loo. No. 1273. 
Polypary 

Pig. 3. D cf. gagUtifiauUg Gurley. Loc No 1231 
Braiichea, aicula miaaing 
Pig 4. D gaffitiieaulig Gurle> var. eohbengig 
var nov. loc. No. 1281. 
a. Polypary c Hiatal thecae, 

b Proximal tltecae. 

Pig. 6 D ct gupergteg Lap-vtr., Loc. No. 1231. 
Proximal portion 

Pig. 6 i>. euodug Lepw.. Loc. No 1231. 

a. Polypar} b. Thecae of proximal 

c. Distal tliecae. portion. 

Pig 7. D. eaduceug Salter, Loc. No. 1231. 
Polypary. 

Pig. 6, D. cttdw»eug Salter var. manu&r4ot«« 
T. S. Hall, Loc. No. 1273. 

Toung Polypary. 


Pig. 9. D eaduovug Salter >ar. gpinifer var. 
nov Loc No 1231. 

Polypary. 

Pig. 10. D. ovatug T S. Hall, Loc No. 1231. 
I*olypary 

Fig. 11. Tetragraptug inguetug sp. nov., Loc. 
No 1231. 

a Imperfect branches 

b. and c. Showing aspects due to comprea* 
sion from different angles. 

Fig. 12 Tetragraptug tahidug ap. nov., Loc. 

No 1281. 

Polypary. 

Fig. 13. Diehograptug ootobraohiaiug J. Hall, 
Loc. No. 1278. 

Imperfectly preserved polypary. 

Fig. 14. Agygograptug prolixitg ap. nov., Loc. 
No 1231. 

Polypary. 




(All figures twice natural size) 


Tig 15 Dlplograptua apiculatua sp no loc 
^o 1281 

a Middle poitlon of polypaiy 
b Distal portion of polvpary abowiiifr vii 
gula rarat\i>p 

c Distal portion showing preservation in 
which tliecal tubes art isolated 
d Fioximal and middle portions of sicula 
showing typical aspect Holotype 
e Pioximal portion of iwljpary 
f Pioximal portion of subscalariform pol\ 
paiT showing dilforiiit appiarance of 
thecae 

g Proximal thecae showing apertures 
h Incomplete pohpary showing length at 
tained 

Fig 16 D eitgVypkm I^pw var aepoaitua 
Keble and Harris Loc No 1231 
a Incomplete polypary 
b Typical proximal iiortion of poljpary 
c Distal thecae 


d Proximal end of pobiwry narrower 
form proxlmally 

c Distal end of pol^parj and -^irgala, sub 
stalarifoim aspect 
f Portion of polypary 

Pig 17 D cuglypkm Lapw var eoitua var 
nov, IXK! No 1281 
Polypary 

Fig 18 D samofua ap nov , Lioc No 1227 
Polypary 

Fig 19 D cf perewoavaty* Iiapw , Loc Now 
1281 
Polypary 

Fig 20 OUmaeograptui cf Lapw ^ 

Loc No 1281 
Polypary 

Fig 21 C mi«9iUi Keble and Harris, Locv 
No 1281 

a Polypary b Palypary* 

Fig 22 C cf lalssiKs 

Polypary distorted 
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Piff 23 Vryptograptui iticomlt Carr , Loc 

iso 1231 

a Typical polypary 
b Distal thecae 

r (Hub shapx^d compreaaion of polypar} 
d (Mvib shaped compresalon of polipar? 
e Proximal portion ahowiiiff basal spines 
Fig 24 OloMograpiut Mnckiii Ho{]^ , Loc 
No 1231 
a Polypary 
b Polvpary 
c Small polypan 


d Distal portion of polypan 
e Proximal portion of polypSii^ 
f Small pollan 
r Polyparv 
h Small polypary 
Fis 2S G ocant3tt» Biles and Wood, Loc. 

No 1231 
POlypary 

Fig: 26 O sp nor , Loc No 1231. 

a louug polypary 

b Young: polypary, somenrhat larger 
c Complete polypary 



(All figures twice natural size). 


Fig. 27. ItetioffraptHS specioftun Harris, L<m*. 
No. 1 231. 

a. Polyparj', soinowhat broken but abowiug 
inHlnation to parietal lists, 
b Polypary, with proximal half shtiwing 
attentuated teal ami llsta lii distal 
portion 

c. Distorted polypary. 

d. Polypary, with pwixlnial half showing 

teat but ventral lists showing in dis- 
tal jwrtion. 

Pig. 28. if. latm sp. nov., lioe. No. 1231. 
Polypary. 

Fig. 20. Syndyograptm art ns sp. nov., Jax. 
No. 12.31. 

a. Sicula and proximal thecae. 

b. Sicula and proximal thecae. 

c. Broken polypary. 

d. Typical thecae. 


e. I..arge broken polypary show'lng charac- 
terlatlc symmetry. 

Fig. 30. S. ef. pecten Ruedemann^ Loo. No. 
1231. 

Pui*tiou of a branch. 

Fig. 31. Leptograptun flacoidn* J. Hall var. 

angugtus Keble and Harris, Loc. No. 
1231. 

Polypary. 

Pig. 32. DieeltograptuH ef. divarieatttn J. Hall, 
Loc. No. 122T. 

a. Distorted polypary. 

b. Distorted polypary. 

c. Thecae. 

Fig. 33. Dioranograpttts ct. rectus Hopk., Loc. 
No. 1230. 

a. Polypary. 

b. Thocac. 
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tively lax form will be difficult to procure. T. msuetus adds to the 
number of forms in New Zealand and Australia in which the Mono- 
^raptus elaboration is foreshadowed; it is instructive to compare in 
this regard such forms as Retrograptus cirdnus Keble and Harris,^ 
a biserial form with retroverted thecae and isolated apertures, and 
Atopograptus,^ one of the Dichograptidae with similar thecae. 

Horizon — ^Lower Aorere Series, Zone — ^Douglas, Subzone — Cobb. 

Tetragraptus taUdas n. sp. (Pig. 12). 

Polypary attenuate, consisting of (a) two branches of first order 
(funicle) arising from a minute sicula at a low irregular angle, each 
branch consisting of two thecae less than 0.1 mm. in minimum width 
and 0.2 mm. in maximum width, the second pair of which give rise 
to (b) four branches of the second order usually curved or flexuous 
and attaining a width of 0.5 mm. about Th 6. 

Thecae, 10 to 16 in 10 mm., proximal ones with inapproachable 
overlap which increases to two-thirds distally, about three times as 
long as wide, apertural margins straight or slightly concave, abnormal 
to axis of theca, outer margins straight or slightly concave at an angle 
of 40® to axis of branch. 

T. tahidus suggests the gcrontic phase of the genus Tetragraptus; 
its laxity and attenuation both point to this. The other Tetragraptid 
associate T. insuetus, if it is correctly placed generically, is not 
typical and appears to have sought survival by thecal elaboration; in 
these Cobb River beds, and in the beds immediately above and below 
them taking the Australasian region as a whole, thecal elaboration 
appears to be supplanting dichotomy. We have hereabouts the bal- 
ance in favour of bLserial and uniserial forms to the exclusion of the 
Dichograptidae. The few Dichograptidae remaining have either spe- 
cialized thecae as in Tetragraptus insuetus, Didymograptus nodosus, 
Aiopograpius woodwardi, etc., or suggest old age as in T. tahidus. 
Horizon — ^Lower Aorere Series, 2k>ne — Douglas, Subzone — Cobb. 

Genus — A zygograptus. 

Azygograptus proUxus n. sp. (Fig. 14). 

Branch nearly 3 cm. long, curved, slender (-0.2 mm.) at origin, 
of fairly uniform breadth to Th 5, and then rapidly increasing to a 
maximum width of slightly under 1.3 mm., originating from a small 
inconspicuous sicula apparently in centre. In proximal portion of 
branch thecae long and narrow, four or five times as long as wide, 
outer wall's straight up to Th 5, in contact for small portion of length, 
in distal portion 9 or 10 in 10 mm„ inclined at angle of from 30® to 
35®, twice as long as wide, outer walls slightly concave, in contact for 
one-half to two-thirds of their length, apertural margins normal to 
axis of theca. 

A. prolixus differs from A. lapworthi — ^the nearest form to it in 
its greater maximum width, its rdatively inconspicuous sicula, and 
the closer set of the thecae. The thecae are typical of the Dichograp- 
tidae. 

Horizon — Lower Aorere Series, Zono— Dougles, Subzone — Cobb. 

♦Keble, K. A, and Harris, W. J., Hec* Oeoh 8urv. Vtct., vol 6, pt 1, *iw htt). 
tHartls, W. J., Proc. «oy, 8oe. Viot., voL S8 (N.S.), pp. 69-60, H. 2, Fig. 

1246, 

WF 
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Family— DIPLOGRAPTIDAB. 

( 1 enus— D iplogr APTUS. 

Diplograptus spiculatus n. sp. (Pigs. 15a-h). 

Polypary 10 cm. or more in length, widening gradually from a 
width of 1.1 mm. near sieula to a width of 2.5 to 2.8 mm., then 
slightly decreasing to distal extermity. Sieula minute, about 0.2 
mm. long with an extremely fine inconspicuous virgella. Virgula 
15 mm. or more in length, visible in polypary, moderately stout but 
tapering to a fine thread. Thecae alternate, long (3*5 mm.) tubes 
with slight double curvature, about 1.1 mm. wide near apertures, 
6 to 8 in 10 mm. in proximal portion of polypary, 4 to 5 in distal 
portion, inclined at an angle of about 20^", in contact for about one 
half their length in proximal portion, and from one half to two-thirds 
in distal portion, aperture opening proximally into a shallow excava- 
tion which becomes obliquely elliptical distally and occupies about 
one-fourth the width of polypary. Aperture normal to axis of theca 
in proximal portion, introverted in distal region. 

Sieula minute and seldom visible. First theca appears to 
originate near middle of sieula and grows obliquely downward towards 
aperture before turning outwards and obliquely upwards; it, too, is 
small. There is considerable variation in width, that given in the 
description being the mean of a mimber of measurements of average 
specimens ; some over 3.0 mm. wide are known. The mature ])olypary 
must be of considerable length as fragiuents up to 10 cm. with both 
proximal and distal extremities missing are not uncommon. In 
the obverse aspect the proximal excavations arc shallow^ but the 
distal excavations gradually become more oblique and incised and 
ultimately almost disappear (Figs. 15b, 151)) ; in the nwersc aspect 
the apertural regions of the thecae become isolated (Fig. 15c) in 
the distal portion, suggesting a i)olypary of concavo-convex cross- 
section. In the subscalariforin view the excavations are merely 
represented by the overhanging free margins of the theca above. 

Of the Diplograj)tidae in the Australasian rt‘gion I), spicuMus 
perhaps most resembles D, coelatus particularly in the scalar! form 
aspect. It differs however in the more remote set of thecae, less 
width, absence of the characteristic sheatlied virgella of I>. coelatus 
and growth of first thecae, and in dimensions and form of intertheeal 
excavations. 

D. spiculatus is a striking and characteristic species and should 
be of zonal value. Since its first recognition in the New Zealand 
fauna, it has been observed in the Dark River beds in Victoria. 

Horizons — Lower Aorerc and Mount Arthur Series, Zones — Douglas 

and Lodcstone, Subzones — Cobb to Mt. Peel (incl.). 

Diplograptus (GHyptograptus) euglypbus, Lapw. var. sepositus 
Keble & Harris. (Figs. 16d-f,). 

Keble & Harrises* description is as follows: — Polypary 21 mm. 
or more in length widening from about 0.7 mm. near the sieula to a 

♦Keble, R. A. and Harris, W. J., New and Little Known O'raptolltca 
from the Lower Ordovician of Victoria. Rec, Siurv, Vlct.^ vol. 6| pt. 1. 
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maximum width of from 1.5 to 1.8 mm. in 6 mm. and then of uniform 
width to distal extremity. Sicula small with a fine short virgella 
and usually curved apertural spine. Thecae alternate from 8 to 
10 in 10 mm., similar to those of D. euglyphus.^* 

The New Zealand form reaches its maximum width in 20 mm., 
but in all other particulars agrees well with the Victorian form. 
Sicula about 0.5 mm. long and relatively broad. Th. 1^ apparently 
originates near apex of sicula and grows downwards, outwards and 
obliquely upwards. Ruedemann’s* description of the thecae of D, 
euglyphus is as follows: — “Thecae numbering 7 to 9 in 10 mm., over- 
lapping less than one-third of length, inclined at an angle of about 
40° ; proximal part of outer wall excavated, distal part of outer edge 
very convex, aperture vertical to axis of theca, apertural margin con- 
cave. Intcrthccal excavation deep (nearly two-fifths of width) and 
as long as free part of theca.’’ 

Horizons — Lower Aorere and Mount Arthur Series, Zones — Douglas 
and Lodes! one, Subzoncs — Cobb to Mt. Peel (incl.). 


Diplograptus euglyphus var. coitus n. var. (Fig. 17). 

This is a variety of />. (iiglyplm^ that differs from the parent 
form ill the closer set of the thecae. It has 14 thecae in 10 mm. in 
the proximal portion and 12 in 10 mm. in the distal portion of the 
polypary. Tn other respects it agrees well with 7). euglyphus. As 
the wider sot of the thecae is consistent in D. euglyphus and its 
variety distans, we have ventured to make a varietal distinction on 
this difference. 

Horizon — Lower .Vorero Series, Zone — Douglas, Subzone — Cobb. 


Diplograptus semotus n, sp. (Pig. 18). 

Polypary widening consistently from relatively broad proximal 
extremity wh<u*e the minimum width is 1.5 mm. to maximum width 
of about 4.3 mm., 13 mm. from sicula. Thecae number 9 or 10 in 
10 mm. and are rajiidly exjianding tubes, twice as long als wide, over- 
]a])])ing tv’o-thirds of their length. Outer margins usually show 
double curvature; apertural margins concave and normal to axis of 
theca. Length of type-specimen is 27 mm. 

Sicula and place of origin of first theca obscure. 

B. semotus outwardly resembles D. calcaratus var. prisem but 
differences become apparent immediately one enters into a detailed 
comparison. 

Associates — D. spiculatus, D. euglyphus var. distansy Dicellograptus 
cf. gurleyi, D. cf. elegans, D. cf. mojfatensis, Olossograpius sp. 

Horizon — ^Mount Arthur Series, Zone — ^Lodcstone, Subzone — Mt. 
Peel. 


•Ruedemann, R. Graptolites of New York, N.Y. State Museum^ Mem. 
11, Pt. 2, p. 369-70, Pig. 315-6, PI. 25, Pig. 21-23. 
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Diplograptas cf. perexcavatus Lapw. (Fig. 19). 

Ell^, Gertrude L., and Wood, Ethel M. B., British Grapto- 
lites pt. 6, Paiaeon Soc., vol. 61, p. 267-9, plate 31, figs. 15 
a-d. 

The polypary of this New Zealand form is 9 mm. or more in 
length and widens from about 1.1 mm. in sicula region to 2.7 at distal 
extremity. Virgella absent. Thecae 15 or 16 in 10 mm., basal thecae 
furnished with spines, all with pronounced sigmoid curvature and 
wide and deep excavations occupying one-half to one-third wid^h of 
polypary and more than half ventral margin. 

The British specimens of 2). perexcavatus generally appear to be 
somewhat wider in proximal region and sigmoid curvature of thecae 
less pronounced than in the New Zealand form. There is only one 
specimen in the collection. 

Horizon — ^Lower Aorere Series, Zone— -Douglas, Subzone — Cobb. 

Genus Cumacograptus. 
dimacograptus cf. antiquus Lapw. (Fig. 20). 

Elies, Gertrude L., and Wood, Ethel M. R., British Grapto- 
lites pt. 5, Paiaeon. Soc., vol. 60, p. 199-200, plate 27, figs. 
4 a-e. 

A single specimen of Climacograptus, indifferently preserved, 
widens from a breadth of 1.2 mm. near sicula to maximum breadth 
of 2.5 mm. in a little over 1 cm. Excavations about one-fourth the 
width of polypary, and from one-fourth to one-third the ventral mar- 
gin; thecae number from 7 to 10 in 10 mm. We have tentatively 
compared it with C. antiquus, but while there is a general agreement 
collectively between C. nnUquus and its varietal form lineatus, poor 
preservation, particularly in proximal portion, leaves the criteria 
doubtful. 

Horizon^hovrcr Aorere Series, Zone— Douglas, Subzone— Cobb. 

This species probably ranges into the Mount Ailhur Series. 

Climacograptus missilis Keble & Harris. (Figs. 21a-b). 

Keble, R. A. and Harris, W. J. Graptolites from Mt. Easton, 
Rec. Oeol. Surv. Viet, vol. 4, pt. 4, p. 513, Figs. 144a-d. 

The original description was as follows: — 

Rhabdosome short, not exceeding 1.5 em. in observed speei- 
mens, narrow at origin and increasing constantly in width throughout 
to 2.0 mm. Virgella short. Virgula visible in the body of the rhab- 
dosome, free at the dMal end for 6.0 nim. or more, and 'in somo cases 
expanded into a short irregularly shaped vesicle at its apical 
extremity. Sicula visible for 0.6 mm. of its length. Thecae 10 to 14 
m 10 mm., proximally sigmoidal, distally slightly curved, overlapping 
one-third to one-half ; apertural margin undulate, lying within excav- 
ations which occupy one-quarter the width of the rhabdosome.'’ 

The length of the New Zealand polypary (rhabdosome) is 1.3 
cm. and it increases to a width of 2.0 mm. Virgella short ; virgula. 
partly visible in polypary, free for 14 mm., but without vemcle at 
extremity. Thecae number 10 to 12 in 10 mm. Excavations occupy 
about one-quarter width of polypary. The other dimenmons ai^ 
somewhat uncertain. 
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Horizon — ^Lower Aorere and Mount Arthur Series, Zones — Douglas 
and Lodestone, Subzoncs — Cobb to Mt. Peel (incl.) 

Genus Cbtptogbaptus. 

Cryptograptus triooniis Carr. (Figs. 23a-c). 

Carmthers, W., Ann. & Mag. Nat. Hist., 1859, vol. 3, pt. 25. 
Several specimens of Cryptograptus occur in the Cobb River 
Collection and illustrate the variable appearance of this species, due 
to the direction of compression. 

The polypary of specimen figured (No. 1231 (11) (Figs. 23c, d) 
i.s 19 mm. long and is adorned with four straight or slightly cui-ved 
spines. It widens rapidly to 1.7 mm., maintains that width for about 
3.0 mm., then diminishes in width until at distal end it is only 1.0 
mm. wide. Fig. 23e shows the obverse aspect and basal .spines. Fig. 
23a is a typical aspect. 

Horizon — Lower Aorere and Mount Arthur Series, 2iOnes — Douglas 
Lode.stone and probably Leslie, Subzones — Cobb, Mt. Peel, Flora 
Track and Leslie River. 

Genus Glossoijraptus. 

Olossograptus bincksii Hopk. sp. (Figs. 24a-h). 

Hopkinson, J. Oeol. Mag., vol. 9, p. 507, PI. 12, Fig. 9. 

In the Cobb River material (1231) there arc specimens of this 
species up to 2.7 cm. in length. Breadth varies from 1.7 to 3.2 mm. 
From 10 to 12 thecae in 10 mm. in proximal portion of polypary and 
8 to 10 in distal portion. Apertural spines strong, arcuate, and at 
maximum length longer than width of polypary; septal spines 
straight and ascending. Some specimens with consistently shorter 
spines (Pigs. 24g, h) have some characters in common with G. hinck- 
sii var. fimbriaUts Hopk. but in the Cobb River material we find some 
difficulty in separating them from the parent species. In one speci- 
men (Pig. 24d) there is a suggestion of scopulae as in Lasiograptus. 
Horizon — Lower Aorere and Mount Arthur Series, Zone — Douglas, 
Lodestone and probably Leslie, Subzoncs — ^Ranging up through 
Cobb to Flora Track and probably beyond. 

Olossograptus acanthus Elies & Wood. (Fig. 25). 

Elies, Gertrude L., and Wood, Ethel M. R., Brit. Grap., pt. 7, 
p. 314, PI. 33, Fig. 4a-c., Text Pig. 208a-b. 

The polypary of the New Zealand form is 13 mm. or more in 
length and widens rapidly to a width of about 4 mm., diminishing 
distally, suggesting a sub-fusiform outline as in the British forms. 
Sicula obscure. Thecae 10 or 11 in 10 mm. Apertural margins 
apparently everted with relatively short, robust spines. Spines in 
proximal jmrtion of polypary directed downwards, but towards 
middle become horizontal and at distal end trend upwards. Sicula 
extends beyond end of polypary and is provided with at least one 
blunt spine. 

Apertural spines not as long as in British forms and there 
appears to be some evidence of apertural lists. 

Horizon — ^Lower Aorere Series, Zone — ^Douglas, Subzone — Cobb. 
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Glossograptus villosus n. sp. (Figs. 26a>c). 

Sicula 1.5 mm. long, tapering. Thecae of Cryptograptus type, 
i.e., strongly everted, and showing marked curvature in apertural 
region, about 2.0 mm. long and 0.7 mm. broad. Basal thecae furnished 
with long spines, trending directly downwards, but in more distal 
thecae obliquely downwards. Distal thecae in contact for about one- 
third their length, 12 to 13 in 10 mm. Virgula gradually widening, 
visible throughout polypary and prolonged 4.0 mm. or more beyond. 
Test attenuate. 

The long and tapering sicula is directed downwards as in Crypto- 
graptns tncornis, Th 1^ arises near middle of sicula growing first 
outwards then downwards. Points of origin of subsequent thecae are 
obscured by the superposition of sicula and first theca, but they are 
similarly curved, i.e., with a dorso-convex curvature, and are so 
oriented about sicula as to give polypary a sub-rounded base. The 
filamentous apertural margins, particularly those belonging to more 
distal thecae, similar to thoise of Glossograptus pilosus,*^ in fact, the 
general appearance of immature polypary suggests a Cardiograptus]- 
shaped Glossograptus pilosus. Both G, villosus and G, pilosus develop 
two abnormal distal thecae in immature polyparies, but as polypary 
grows, it takes on more the appearance of Glossograptus or Lasio- 
graptus. The distal V-shaped space formed by dorsal curvature of 
thecae in young polypary, and giving it the appearance of a reclined 
DidymograptuSf is closed by inward growth and appression to virgula 
which projects beyond polypary as in a normal Glossograptus, Spines 
on basal thecae long but so tenuous that it is difficult to follow them 
for their full length. The test must have been very thin. 

This remarkable species combining, as it docs, the characteristics 
of several genera, may call for a new genus; it is only tentatively 
placed in Glossograptus because of its suggestive affinities to 6. 
pilosus which, too, is abnormal in many respects. 

Horizon — Lower Aorere Series, Zone — Douglas, Subzonc — Cobb. 


Genus — Retiooraptus. 

Retiograptus speciosus Harris. (Figs. 27a-d). 

Harris, W. J., Proc, Roy, Soc, Viet,, vol. 36 (N.S.) pt. 2, 
pp. 99-100, PI. 8, Fig. 8-10. 

The New Zealand specimens are usually small, less than 5.0 mm. 
in length and widen rapidly to 3.0 mm. ; in no specimen is there a 
mature polypary and in every instance the polypary is broken. The 
test is partly preserved usually in proximal part. Medial zigzag not 
clearly shown. Thecae in 10 mm., 14 to 16. 

Harrises remarks^ on his species are as follows: — This form is 
quite unlike ^ny other with which we are acquainted, though, when 
preserved so that the two ascending zigzags coincide, the outline 
agrees with that sometimes shown by R. geinitzianus, J. Hall. Its 
characteristic outline, however, is quite different, and so is the 


♦Keble, R. A. and Harris, W. J., Hec, Geol. Surv„ Viet, vol. 6, pt. 1. 
tHarris, W. J., Proc, Roy. Soc., Viet., vol. 29, pt. 1, PI. 1, Fig. 1-3. 
%8upra dt.j p. 100. 
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arrangement of parietal lists. These arise from the zigzag medial of 
each surface at the apices of the zigzags. Their direction, especially 
near the proximal end of the rhabdosome, is at first almost horizontal, 
but they gradually ascend and form part of what may be called the 
ventral strands. The thecae appear to have been sub-rectangular in 
section in the body of the rhabdosome and the same shape is main- 
tained throughout, though the axis of each theca is curved upwards 
and the theca gradually narrows towards its aperture.^’ We are 
unable to verify the upward curvature of the thecal axis and the 
sub-rectangular section, in fact in the New Zealand specimens the 
former appears to be straight and the latter round, but distortion 
has obviously modified them. The specimens show the characteristic 
outline of B, speciosus as compared with that of K. geinitzianns and 
the typical ascending parietal lists. 

Horizon — Lower Aorere and probably Mount Arthur Series, Zones — 
Douglas and probably Lodestone, Subzones — Cobb but not as far 
as Mt. Peel. 

Betiograptus latus n. sp. (Fig. 28). 

Polypary with broadly rounded base and sub-parallel margins, 
1.5 cm. in length and 5.5 mm. broad. Test almast continuous, attenu- 
ated, but usually thick enough to mask lists and clathria. Sicula 
long. Theca 11 or 12 in 10 mm. with convex or slightly-sigmoidal 
outer margins and concave apertural margins in contact for about 
onc-third their length. 

The test seems to have been thicker in this species than either 
B, speciosns or B. geinitzianns for all ; the polyparies in the collection 
show it as almost continuous. Parts of the lists and clathria are 
sometimes seen either at proximal or distal ends but disclose no 
arrangement of them. Thecae seem to have been triangular in shape. 
Part of vsicula lies outside polypary. 

This form may easily be distinguished from f?. speciosus and B. 
geiniizianus by {inter alia) its relative width. 

Horizon — Lower Aorere Series, Zone — Douglas, Subzone — Cobb. 

Family— LEPTOGRAPTIDAE. 

Genus — ^Syndyograptus. 

Syndyograptus artus n. sp. (Figs. 29a-e). 

Polypary consisting of branches (a) of the first order, two 
branches widening from 0.2 mm. near sicula to 0.7 mm. in distal por- 
tion. The first 4,0 mm. of proximal portion forms a broadly rounded 
base to polypary, the branches then gently curving upwards and 
apparently inwards towards axis of polypary, the whole of which is 
contained within angle of 25°, (b) of the second order, up to twenty 
branches of like dimensions arising from successive thecae in pairs 
(apparently sometimes singly) forming with their dorsal walls at 
points of origin acute angles with the branches of the first order. 
Sicula 0.7 mm. long, tapering. Thecae narrow simple tubes, in 
proximal portion 8 or, 9 in 10 mm., about three times as long as wide, 
overlapping one-fourth their lengfth, inclined at an angle of from 
15° to 20°, apertural margins straight, normal to axis of brandi, in 
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distal portion in contact for about one-third their length, apertural 
margins normal to axfe of thecae. 

Both specimens showing a complete polypary are distorted ; they 
occur (m the surface of a sheared slate. The following is a tabula- 
tion of the characters of the New Zealand, Victorian and American 
forms ; — 



;Sf. artus 

(8f. gracilis* 

fif. pectenlf 

Angle containing polypary 

25“ 

65“ 

90“ 

Thecae in first order giving 

succeeding 

every second 

every third 

rise to secondary branches 

thecae 

theca 

theca 

Width of branches at origin 

0.2 

0.2 

0.3 

distally 

0.7 

0.5 

0.5 

Sicula — length 

Thecae — Number in 10 mm. 

0.7 

? 

1.2 

proximally 

8-9 

10-11 

12 

distally 


8 

10 

Width to length, proximally 

3 : 1 

4 : 1 

6 : 1 

Overlap, proximally 

i 

i - ! 

1 

Angle of inclination 

15“-20“ 

i 

25“ 

7 


Associates — ^List of species for Loc. 1231. 8, gracilis occurs in Vic- 
toria with Didymograptus ovatus, 2>. caduceus, D. nodosus, 
Glossograptus hincksii, Loganograptns logani (mut.), T. cf. 
quadribrachiatxis, Diplograptus euglyphus var. sepositv^, Lasio- 
graptus sp., Cryptograptus tricornis and others at the top of the 
Lower Ordovician. In America 8, pecten occurs rarely with 
Didymograpins sagitticaulis, Azygograptus walcotti, Leptograp- 
tns flaccidiis et. var., Nemagraptus ssp., Dicellograptxis gurlexji^ 
D. moffatensis, Diplograptus euglyphus (common), Cryptograp- 
tus fneomis (common) and other forms. 

Horizon — ^Lower Aorere and probably Mount Arthur Series, Zones — 
Douglas and Lodestonc, Subzones — Cobb and next subzone above. 


Genus — Leptograptus. 

Leptograptus flaccidus J. Hall var. angustos Keble & Harris. (Pig. 
31). 

The description* of this form is as follows: — ^Branches narrow, 
slightly flexed, 5 cm. or more in length widening gradually from 0.2 
mm. near sicula to 0.6 mm. distally. Sicula slightly under 1,0 mm. 
in length. Thecae long tubes, 7 or 8 in 10 mm., inclined at 15®, about 
three times as long as wide in proximal portion and from three to 
four times in distal portion, overlapping one-fourth their length. 
Apertural margins normal to axis of thecae, introverted when com- 
pressed, ventral margins slightly concave. 


♦Keble, R. A. and Harris, W. J., Bee, Oeol. Burv. Viet,, vol. 6, pt. 1 (In 
lift). 

tRuedemann, R., Oraptolltes of New York. N,Y. State Mas. Mem. 11. 
pt. 2, p. 267-8, PI. 15, Fig. 6 and 6. 
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The branches of the New Zealand specimen are slightly narrower 
in proximal portion but otherwise the dimensions would seem to agree 
fairly well. 

Horizon — Lower Aorere Series, Zone — Douglas, Subzone — Cobb. 

Family— DICRANOGRAPTIDAB. 

Genus — D icellogbaptus. 

Dicelloi^aptus cf. divaricatas J. Hall. (Fig. 32). 

Hall, J. Palaeontology of New York, vol. 3, p. 513-4. 

There is in the collection No. 12 a distorted and imperfectly 
preserved form of Dicellograptus showing the branches crossing. Both 
branches are twisted and the thecae in places face inwards; restoring 
the branches to their right positions the shai>e of the polypary would 
be divergent approximately at an angle of 235° in the proximal por- 
tion. The apical point of the sicula has been partly obscured and the 
short spines are visible on Th 1* and Th 1*. 

Thecae 8 to 10 in 10 mm., overlapping about one-third their 
length, free outer wall straight or slightly curved, apertural portion 
introverted. Apertural excavation one-half width of branch. 

The few thecae that are well enough preserved for comparison 
.suggest affinities to D. divaricatus. 

Horizon — Mount Arthur Scries, Zone — Lodestone, Subzone — ^Mt. Peel. 

Genus — D icbanoorapti’.s. 

Dicranograptos cf. rectus Hopk. (Figs. 33a, b). 

HopMnson, J. Oeol. Mag., vol. 9, p. 508, PI. 12. Fig. 9. 

A species of Dicranograptus occui-s at Leslie River Band com- 
parable to D. rectus Hopk. 

The biscrial portion of polypary is 4.5 mm. long; uniserial 
branches are 6.5 mm. long, dorsal walls subtending an angle of 25° 
and ventral margins being in the same straight line as ventral mar- 
gins of biserial portion. 

Thecae 10 or 11 in 10 mm. with free outer walls straight and 
inclined at angle of 25°, apertural portion intTOtorted and intro- 
verted with stout spines opening into pouch-like excavations. 

Biserial portion made up of 6 thecae on each side, is 0.4 mm. 
wide at its origin and 1.3 mm. wide at point of divergence of uni- 
serial branches. 

The width of the uniserial portion is 0.7. Hopkinson’s species 
differs from the Leslie River form in that 

(a) the biserial portion is longer 

(b) the free outer walls are gently curved 

(e) the apertural portion is not introtorted 

(d) the spines are not conspicuous 

(e) it is Wger in all dimensions. ^ 

We have only one example, which is not well preserved, and 
hesitate at present to emphasize these differences by allotting specific 
or varietal distinetion to the New Zealand form. 

Horizon — ^Mount Arthur Series, Zone — ^Leslie, Subzone — ^Leslie 

River, 
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The Geology of the Takapuna-Silverdale District» 
Waitemata County, Auckland. 

By F. J. Turner, Otago University, and J. A. Bartrum, 
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[Read before Avekland Institute, Stst July, 1928; received by Editor^ 
19th November, 1928; issued separately, 
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Introduction. 

The district described in this paper covers an area of about onf' 
hundred square miles between the northern shore of Waitemata 
Harbour and Orewa Stream, about fifteen miles north of the latter. 
On the east it is bounded by the western shore-line of Ilauraki Gulf, 
and on the west joins up with the Riverhead-Kaukapakapa area 



Sketch-map illustrating geology of Takapuna-Silverdale District 


described by Bart rum (1924). In order to shew the continuity of 
the rocks of this area with those further west, part of Bartrum^s map 
has been added to that now published. 

A small part of the district was early visited by Hochstetter 
(1864, pp. 13-14), but the first important work upon it was that of 
McKay (1884; 1884a; 1888), who made two hurried examinations of 
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the eastern coastal portion of the area, parts of which were also sur- 
veyed by Park (1886; 1887). In 1902, papers on the volcanic grits 
and breccias of the Waitemata Series were published independently 
by Fox and Mulgan, while more recently, facts bearing upon the 
geology of the district here described have appeared in two papers 
by Bartrum (1920; 1924) which deal with the region further west. 
The most northerly part of the area has recently been mapped by 
Mr. H. T. Perrar of the New Zealand Geological Survey, to whom 
both authors are greatly indebted for generous co-operation in the 
field-work, and hospitality at his camp during Easter 1926. Only a 
brief summary of the results of his work are at present available 
(Perrar, 1925a). 


General Description op Area. 

The greater portion of the Takapuna-Silverdale area consists of 
typical North Auckland gum-land,^’ namely an unforested upland 
of moderate relief, intricately dissected by insequent streams flowing 
sluggishly in swampy valleys between scrub-covered hills rising to 
between 400 ft. and 600 ft. The wide open valleys typically are 
graded throughout almost their whole extent, and almost invariably 
contain a swampy filling of alluvium resulting from soil-wash accen- 
tuated by ancient deforestation and more recent burning off of scrub. 
Further, there is so considerable a depth of superficial leached resi- 
dual clay that outcrops of fresh rock are scarce, except along the 
sea-coast and, especially where remnants of forest remain, at the 
steeper headwaters portions of some of the streams. 

The coast of the district shows, on the south and east, the long 
tidal estuaries and other deep embayments characteristic of a recently 
submerged region; these are perfectly exemplified by the drowned 
valley-system which now forms Waitemata Harbour, and by the 
estuaries of Okura, Weiti, and Orewa Streams further north. Subse- 
quent to the submergence, wave-attack has caused the retreat of the 
more exposed headlands and thus developed stretches of high cliffs, 
which are separated by crescentic beaches in the intervening bays. 

STRATIGRAPHY. 

Synopsis op Stratigraphy. 

Though such rocks do not occur in situ actually within the dis- 
trict mapped, there is no doubt that, as elsewhere in North Auckland 
Peninsula, the basement is constituted by the greywackes, argillites, 
and jasperoid rocks of probable Triassic or Jurassic age, to which 
the name Waipapa Series has been applied by Perrar (1924) in the 
contiguous Rodney district, following Bell and darkens (1909) early 
usage for similar Whangaroa rocks. These are separated by a strong 
unconformity from a thick series of green sandstones, siliceous mud- 
stones, and argillaceous limestones, which are grouped by the writers 
in the Onerahi Series of Perrar (e.g. 1925) of probable Upper Cre- 
taceous age, and which represent the earliest rocks actually exposed 
in the area described. They are invaded by serpentines and allied 
intrusive rocks, which apparently fail to pass upward into succeeding 
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strata. Above the Onerahi rocks — the writers believe unconformably 
— ^there are sandstones, mudstones, and grits of middle Tertiary age, 
which have long been referred to the Waitemata Series. As closing 
members of the sequence there are basaltic lavas and tr^s and bedded 
silts and gravels, all of Pleistocene age, which lie unconformably on 
the older rocks. 

The sequence of deposition or of intrusion may be summed up 
as follows: — 

1. Waipapa Series (Trias-Jura). 

2. Onerahi Series (f Upper Cretaceous). 

3. Post-Onerahi and pre-Waitemata ultrabasic and basic intru- 

sives (? Eocene). 

4. Waitemata Series (? Miocene). 

5. Lavas, tuifs, silts etc. (Pleistocene). 

THE WAn»APA SERIES ( TRIAS- JURA) . 

Though the strata of the basement series do not outcrop within 
the area, pebbles worn from them occur in Pleistocene and Tertiary 
conglomerates, and much shattered and folded greywackes of this 
formation are exposed in many nearby localities, as on the neighbour- 
ing islands of Tiritiri, Motu Tapu, and Waiheke. Bell and Clarke 
(1909) grouped similar rocks of the Whangaroa district in their 
Waipapa Series, to which Perrar in more recent years (1925; 1925a) 
referred the greywackes of the Whangarei-Bay of Islands Subdivision 
as well as the rocks at present under eonsideration. In the absence^ 
of palaeontological evidence these Waipapa rocks have been included 
tentatively on lithological grounds in the Trias-Jura Hokonui System 
by most modern workers. (See for example Perrar, 1925, p, 34). 

THE ONERAHI SKRIE.S (? UPPiai CRETACEOUS). 

General Dutribution and Content, — The rocks included here in 
the Onerahi Series broadly form a large inlier in the northern portion 
of the district. On the north side of Okura Estuary they emerge 
from beneath the covering Waitemata sandstones and thence extend 
north and west, through Silverdale (Wade) and White Hills, to the 
northern limit of the area shown on the map. West of Silverdale 
they cover the country drained by the upper tributaries of Orewa, 
Weiti, Rangitopuni, and Kaukapakapa streams. On the western 
side of Rangitopuni Valley they pass beneath Waitemata rocks which 
continue far to the west and south, and they are similarly covered 
by an extensive mass of these younger beds at varying distances 
north of Orewa Stream. 

The Onerahi beds of the area described fall into two distinct 
sub-series here described as the Lower Beds — concretionary green 
sandstones with shattered black shale and mudstone — ^whieh have 
limited extent, and the Upper Beds, which include much more widely- 
developed argillaceous limestones, siliceous claj’^stones and mudstones 
— beds which may be regarded aS the typical facies of the Onerahi 
Scries. 

The Lower Beds, — The rocks of the lower group were found at 
only four localities: a narrow strip bordering the southern foreshore 
of Orewa Estuary for about three-quarters of a mile west from Orewa 
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Heads ; in the banks of Weiti Stream about one mile west of Silver- 
dale, where the Silverdale-Kaukapakapa road crosses the stream; 
along the banks of Weiti Stream about five chains east of Silverdale 
Township; finally, a small triangular area on the eastern side of 
Duck Creek, where it enters Weiti Estuary, about two miles down- 
stream from Silverdale. 

The predominant rock is a micaceous glauconitic sandstone with 
a peculiar grej’^-green colour, with which are associated fine-grained 
black shaly mudstones, and soft green and blue clays. All arc much 
shattered and, wherever strike and dip are observ^able, appear to dip 
at steep angles in varying directions. The glauconitic sandstone con- 
tains large calcareous septarian and other concretions, some of which 
are four or five feet in diameter. As already noted by Perrar 
(1925a), fragments of Inoceramns occur in some of these concretions 
at Orewa Estuary, whilst indefinite broken plant-remains are often 
abundant. In all localities of their occurrence, the rocks of the 
greensand group api)ear to underlie the argillaceous limestones and 
siliceous mudstones of the upi)er sub-series, though whether conform- 
ably or otherwise it is impossible to say. 

The Upper Beds . — In contrast with the limited outcrop of the 
lower beds, that of the upper or main portion of the Onerahi Series 
includes practically the whole of the area mapped as covered by 
strata of this series. Its rocks consist of a fine-grained white, grey 
or bluish argillaceous limestone — ^the North Auckland hydraulic 
limestone — with very variable content of lime, and fine-grained 
grey and white siliceous mudstones, or brown and purjde aluminous 
t,hales wdiich show a gradation to^^ards the limestones in several local- 
ities. The presence of those rocks in the pres(*nt area \vas first noted 
by McKay (1884a), who correlated them with his “ (Vetaceo-Ter- 
tiary ” Mahurangi limestone. Lithologically they are exactly" similar 
to limestones and claystones which have long been known to outcrop 
widely in North Auckland Peninsula, and which have been described 
by Perrar (1920; 1924; 1925; 1925a) and included in his Onerahi 
Scries. Bart rum (1924) also describes rocks of this formation in the 
contiguous Parakakau and Dairy Plat areas, so that little further 
description is necessary here. 

The limestone is a very fine-grained rock, which, in the purer 
varieties (e.g. the rock from Okura quarry), is composed almost 
entirely of tests of Glohigerina and other foraminifera, with which 
are a few skeletons of radiolarians and grains of glauconite or of 
disseminated argillaceous material (Pig. 1). Though recorded by 
Marshall (1917), Bart rum (1924), and others, in the hydraulic lime- 
stones of other North Auckland localities, diatoms were not distin- 
guished in sections cut from limestones of the present area. Apart 
from the lowly forms mentioned, the Upper Beds are devoid of fos- 
sils. Pliiits are infrequent, though at Mappin^s quarry, Silverdale, 
there is a well-marked band of flint nodules which have been intensely 
shattered and then re-cemented with calcite. 

The siliceous facies of the Upper Beds are more widely represen- 
ted than the argillaceous limestone, into which they appear to grade 
both laterally and vertically. The predominant rock is a very fine- 
grained, highly-siliceous mudstone, with its numerous joint surfaces 
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stained brown and black with hydrates of iron and manganese. Like 
the limestones, the siliceous beds are always intensely shattered, and 
whenever the dip is observable it appears to be at a high angle. The 
shattering appears to be due to pressure rather than to shrinkage of 
drying sediment, since even the flint nodules of Mappin’s quarry, as 
well as the serpentines which invade the series, shew similar dis- 
ruption. 

Completing the facies of the Onerahi Series there arc fairly thin- 
bedded shales apparently barren of all fossils, which constitute a type 
of rock which is not usually found among the beds of this formation 
in other North Auckland localities. They are exposed along the 
Silvcrdale-Parakakau road, two miles west of Silverdale, and again 
near Parakakau. In contrast with the usual conditions, the disposi- 
tion of the beds is easily observable, and in all cases the dip appears 
to be at a steep angle in directions varying from north-west to south- 
west. Owing to their thin-bedded weathered state, the purple and 
brown shales which outcrop two miles west of Silverdale are difficult 
to distinguish, in the absence of palaeontological evidence, from beds 
of the Waitemata Scries. A significant fact points, however, to their 
inclusion in the Onerahi Formation, namely, that at adjoining local- 
ities, such as Lloyd Hill, Waitemata sandstones rest on rocks of this 
series and have horizontal disposition which contrasts with the per- 
sistent inclined bedding of the latter, which can be followed at 
intervals for some miles across the general line of strike between 
Orewa and Parakakau, and preserves a steep dip in the same general 
west(*rly direction.* Substantial horizontality, or, at most, gentle 
inclination, is the dominant structural characteristic of the Waite- 
inata beds; zones of acute folding are very limited in extent. On the 
other hand, wherever structure is decipherable, the Onerahi strata 
s^‘em to be disposed at high angles. 

Correlation and Age, — Ferrar (1925a) has correlated the 
fiwceraynmAycarmg green sandstones of the Orewa-Silverdale area 
nith the lithologically similar beds of the Central Kaipara region 
group(‘d by him (Ferrar, 1924, ]). 6) in his Otamatea Series, and 
by Marshall (1926) in his Batley Series, from which come abundant 
ammonites of Upt)er Cretaceous age (Marshall, loc, at.). Ferrar 
(1925a) follows Park (1887) in postulating unconformity between 
his Otamatea beds and the overlying argillaceous limestones and other 
l)(‘ds of the Onerahi Series, but the present writers find no evidence 
suggestive of unconformity in their district. In other areas of 
North Auckland, for example the Central Kaipara, the Narrows of 
Hokianga Harbour, the north-east portion of Mangakahia Survey 
District and Parengarenga, there is such very general association of 
ammonite or Inoceramus-hearmg sandstones of Otamatea facies with 
argillaceous and siliceous limestone of Onerahi type under conditions 
which in no case suggest unconformable inter-relations of the two 
sets of beds, that the writers prefer to group both provisionally in 
the one series (Onerahi Series) characterized by the two facies — ^the 
lower or Otamatea and the upper or Onerahi. 


*Cox (1882, p. 24) records similar relations of beds at Mahurangi which 
evidently belong to the two series discussed. 
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No fresh evidence bearing upon the controversial subject of the 
age of the beds grouped here as the Upper Beds of {he Onerahi Series 
has been unearthed by the present work. Marshall (1916; 1917; 
1924) has ably advocated an early Tertiary age, basing his argument 
largely upon the apparent superposition of the ** hydraulic limestone’^ 
upon greensands at ^ahi, from which definitely Tertiary mollusca 
have been collected. The writers’ experience of the hydraulic lime- 
stones tends to indicate that structurally they are highly disturbed, 
and it is possible, therefore, that the Pahi section is inverted fay 
thrusting in conjunction with folding. They hesitate to accept Mar- 
shall’s view for two reasons: first, because of the close association of 
beds of Onerahi facies with Upper Cretaceous ammonite and Inocera- 
mus beds ; secondly, because of the fact that, as will appear in a later 
Section, they believe, with Perrar and others, that important uncon- 
formity separates the. Onerahi strata from the overlying Waitemata 
ones. Judged by investigations of mollusca now being made by Mr. 
A. W. B. Powell and one of the authors (Bartrum), these latter beds 
appear to correlate with either the ^wamoan or the Hutchinsonian 
of the Oainaruian sequence. Thus, following Benson (1921) and Bar- 
trum (1924), Ferrar’s allocation of the beds here classed as the 
Upper Beds of the Onerahi Series to the Upper Cretaceous is provi- 
sionally accepted in this paper, though it is admitted that some of 
them may range upwards into the early Tertiary. As already stated, 
they are here believed conformably to overlie the Upper Cretaceous 
Lower Beds, or green sandstones of Otamatca facies. 

Intnmvc Rocks associated until Onerahi Sediments, 

Distribution and General Petrography. — Numerous scattered out- 
crops of small intrusions of serpentines and other intrusive rocks of 
basic or ultrabasic character were located in the northern part of the 
area occupied by rocks of the Onerahi Formation, whilst others pro- 
bably await discovery in the dense scrub and fern. 

Serpentine is the commonest type of intrusive rock and outcrops 
of it occur at the following localities : — 

1. At Matthew’s quarry alongside the East Coast Road, three 
miles south of Silverdale. A fairly extensive mass is enclosed in 
siliceous claystones. Impure argillaceous limestones outcrop on the 
road a few chains west. 

2. Two unobtrusive outcrops, probably of the same mass as that 
at the quarry, occur a quarter of a ipile north of the latter in 
Matthew’s Gully, a headwaters tributary of Duck Creek. 

3. About ten chains east qf the East Coast Road, one and a-half 
miles south of Silverdale, two good exposures of serpentine occur at 
the head of Fisherman Creek in the vicinity of outcropping limestone 
and mudstone of the Onerahi Series. 

4. Floaters of serpentine are present on the divide between Weiti 
Estuary and the outlet of Orewa Estuary. 

5. On the southern scrub-covered face of the Orewa-Weiti divide, 
about fifteen chains east of Lloyd Hill tttgonometric station, serpen- 
tine is exposed in a deep shaft which was sunk by the early settlers 
in quest of gold, as well as at the surface close* by. The serpentine 
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must originally have been covered by Waitemata sandstone which has 
since been removed by erosion, for this latter rock is visible in a hori- 
zontal drive about 30 ft. below the outcrop of serpentine and about 
7 chains east of it. Sandstone of this series is also exposed in a pit 
sunk as a coal-prospect on the northern side of the divide about half 
a mile north-west of the last outcrop, and forms a continuous cap 
upon the Onerahi strata along the crest of Lloyd Hill. 

6. A (juartcr of a mile south of the last exposure, serpentine 
again outcroj)s, well hidden in scrub, on the almost flat top of the 
spur which leads down from Lloyd Hill to Mr. Davidson ^s farm. Here 
a short deep trench was excavated in the serpentine many years ago. 

In addition to the above outcrops, there are others already des- 
cribed by Bartrum (1924) quite close to the last two mentioned, 
namely in the vicinity of White Hills School and Major Jolly’s farm, 
and in the neighbourhood of Wainui (^emetciy and of Mr. David 
Jack’s property on the Orewa side of the Lloyd Hill divide. In every 
case the enclosing strata appear to be those of the Onerahi Series, and 
the .ser])entines themselves are generally much shattered and slicken- 
sided. 

Basic igneous rocks, which appear to represent the same period 
of activit> as that during which the serpentines were intruded, are 
also known from the northern part of the district. They are seldom 
found in situ, but usually the injisses are of such a size that the parent 
mass cannot he Far distant. They include epidiorite, dolcrites, and 
<dliod amygdaloidal volcanic rocks. Epidiorite has already been des- 
cribed (Bartrum, 1924) from near the unformed road on the east side 
of Wainui Cemetery, where it occurs as loose boulders. Masses of 
similar rock outcrop with other basic rocks near Orewa Heads; 
])()ulders ol them strew the foreshore for a few chains east of the 
l)ridge. Dolcrites have also been noted (Bartrum, 1920a; 1924) from 
the swinging basin near Silverdale Wharf, and from the bed of the 
L^pfX'r Orewa Sf]*eam, not far west of Wainui Cemetery, whilst they 
are also plentiful amongst the boulders on the foreshore at Orewa 
Heads. In association wdth them at this latter place, there are masses 
of altered amygdaloidal volcanic rocks wdiich probably represent 
(‘ffusive eciuivalents of the doleritie rocks. 

As a si)ecial phase of the occurrence of these doleritie rocks may 
be menti(,ned fragments found with larger ones of greywacke and of 
a schistose metamorphic rock, as xenoliths in the serpentine at the 
head of Fisherman Creek, This suggests that some at least of the 
doleritie intrusions were earlier than the .serpentines. The schistose 
inclusions represent fragments of a coarse-grained strongly-metamor- 
phic rock with large idioblasts of strongly-ploochroic brown horn- 
blende. (See Section on Petrography). They have probably been 
derived from metamorphic rocks underlying the basement Trias-Jura 
Hokonui strata, for similar schistose xenoliths are abundant in intru- 
sive andesitic rocks at Whangarei Heads, and are believed by Bartrum 
(1921, p. 121) to represent now-deeply-buried earlier Palaeozoic 
terrain. 

Origin and Age of the Iptrusive Rocks * — In his first report on 
the serpentines, McKay (1884) gives his opinion that the outcrops 
examined by him belong to three slightly converging dykes with 
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approximate north and south trend. Park (1887) illustrates condi- 
tions at Matthew’s quarry by a section, and states that the serpentine 
occurs in the shaly clays which immediately underlie the ** hydraulic 
limestone.” He considers that the ultrabasic intrusives are asso- 
ciated with Carboniferous or Devonian ” greywackes (now referred 
to the Trias- Jura Waipapa Series), and evidently has mistaken some 
of the weathered shatter^ serpentine which is exposed in the vicinity 
of '' Bond’s farm ’’’ (pow Major Jolly ^s property) for these latter 
rocks. 

In 1888, McKay arrived at the conclusion that the serpentines 
constituted a definite horizon beneath the hydraulic limestone, and 
published the theory that they were ophicalcites derived by meta- 
morphism of the greensand strata which lie beneath the limestone. 

The writers have observed, however, that the serpentines fre- 
quently invade the Upper Beds of the Onerahi Series, and thus can- 
not constitute a definite horizon towards the base of this latter, whilst 
microscopic characters indicate that they are normal alteration pro- 
ducts of dunites, harzburgites and other peridotites. The evidence 
of their intrusive character is thus complete. McKay’s earlier sug- 
gestion that the serpentines constitute three long north and south 
dykes proves unacceptable, for the intrusions are arranged in quite 
haphazard fashion. 

So far as date of injection is concerned, there are three possi- 
bilities: it may be pre-Onerahi, or post-Onerahi and pre-Waitemata, 
or post-Waitemata. Thus Park (1887) suggested, as already noted, 
that the serpentines were injected in pre-Onerahi times into sedi- 
ments now grouped in the Waipapa Series, but their vertical distri- 
bution through a considerable thickness of the Onerahi beds, in con- 
junction with the lack of outcrop in their vicinity of the Waipapa 
rocks, is against this hypothesis, for it necessitates the assumption 
that during the Waipapa-Onerahi interval erosion removed the 
resistant Waipapa greywackes and left the serpentine projecting as 
residual ridges. This is highly improbable, for the serpentine is so 
poorly resistant that its outcrops generally have inconspicuous relief 
even in contrast with the soft Onerahi rocks. 

The third possibility, namely that the period of intrusion was 
subsequent to Waitemata sedimentation, is negatived by the field- 
evidence, for though exposures of serpentine arc very numerous amid 
Onerahi beds, they have not yet been found invading the Waitemata 
strata which enclose the Onerahi beds on every side. It is true that 
at Lloyd Hill, as noted, sandstone of the Waitemata Scries outcrops 
at a lower level than adjacent serpentine, yet the maximum uprise of 
the serpentine above the base of the sandstone probably does not 
exceed 30 ft., and can very readily be explained as due to the irregu- 
larity of the erosion-surface carved from Onerahi beds and associated 
intrusive bodies, prior to the initiation of Waitemata sedimentation. 

Benson (1926) has ably shewn that the intrusion of serpentines 
generally accompanies moderately intense orogenie diastrophism. As 
has already been shewn, there is evidence that the little-deformed 
Waitemata beds rest upon the steeply-inclined edges of the Onerahi 
ones. These conditions suggest unconformity between the two series 
for which other evidence is not lacking, and the writers therefore 
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believe that the peridotites and the doleritic and other intrusive basic 
rocks invaded the Onerahi strata as an accompaniment of an orogeny 
which occurred at the interval between Onerahi and Waitemata 
times, and folded the newly deposited strata. Subsequent erosion un- 
covered some of the intrusive masses before the Tertiary beds were 
laid down, not only in the present area but elsewhere, for pebbles 
of silicified dunite-serpentine have been discovered in conglomerates 
apparently of Tertiary age at Mangawhio Point, Whangarei Harbour 
(See Bartrum, 1925). The epidioritcs, dolerites, and other basic 
rocks which have been mentioned earlier in this Section are the usual 
cognate associates of ultrabasic intrusions. 

THE WAITEMATA SERIES (t MID-TERTIARY ) . 

Distribution and Petrography, 

Normal Sediments . — Beds of sandstone and mudstone which have 
long been grouped as the Waitemata Series, marginally overlie the 
Onerahi rocks on all sides, and extend many miles north, west, and 
south of the area here considered. Small outliers of Waitemata strata 
also cap the Onerahi limestones and mudstones at Lloyd Hill and 
again in the vicinity of Matthew’s farm, about three miles south of 
Silverdalc, and are evidently the remnant of a continuous sheet of 
such beds now largely removed by erosion. 

The total thiclmess of Waitemata beds is difiScult to estimate, but 
in the hilly country further north, between Cape Rodney and Ku;- 
para Harbour, horizontal strata of this series appear to reach a 
thickness of at least 1200 ft. 

The typical rocks of the scries are brown and yellow feldspathic 
sandstones with which are interbedded thinner layers of fine gray 
mudstone. A not infrequent bed is composed of concretions a few 
inches in diameter, and is similar to a bed further north which was 
called by Cox (1882, p. 22) the cannon-ball sandstone.” This is 
generally about 2 ft. in depth and is especially well exposed on the 
sea-coast north of Castor Oil Bay, at the northern end of Long Beach, 
and between Hobbs and Maori Bays on Whangaparaoa Peninsula. 
The concretions generally contain a central pebble of fine-grained 
sometimes calcareous shale, and microscopic examination shows that 
the surrounding accreted matter has a calcareous cement enclosing 
angular grains of sand, which are exactly similar to those making up 
the bulk of the associated sandstone. It appears that precipitation 
of cementing calcite has been inaugurated and aided by the central 
pebble. 

At times the sandstones pass into grits, and in some localities, 
as for example near Okura South Head and on the southern shores 
of Whangaparaoa Peninsula, into thin irregular lenses of interforma- 
tional conglomerate. These latter contain pebbles of earlier-deposited 
sandstone of {he same series, derived by contemporaneous erosion, 
along with others of a white marl which shews tests of Globigerina 
in thin section, and appears to have been derived from rocks of the 
Onerahi Formation. 

The beds of bluish-grey mudstone intercalated in the general 
sandstone range from about 6 ins. to 1 ft. in thickness and shew the 
usual minute curved shrinkage cracks on exposed surfaces. They 
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frequently contain abundant fragiments of carbonized wood, whilst 
.small concretions of pyritc are often common. 

The Albany^ Conglomerates .^' — Two bands of marine beach- 
conglomerate containing material forei^ to the district are exposed 
interbeddcd with the normal finer-grained Waitemata sediments in 
the bed of Lucas Onek, not far below Albany. Similar conglomerates 
are extensively developed north-west of the present area and attain 
a maximum Ihicl ness ol not less than 700 ft. They have been des- 
cribed by Bart rum (1920; 1924) in some detail, so that brief descrip- 
tion of their nature ^vill suffice here. 

All the pebbles and boulders of these beds, which may be called 
the Albany conglomerates, are well-rounded and smooth, and though 
generally not more than 1 ft. in diameter, are sometimes as large as 
8 ft. The rock facies include varied sediments — many with probable 
prototypes in the Onerahi Scries — and greatly-varied i^eous rocks. 
Though andesites are the dominant types of some localities, and are 
usually the largest masses, the most distinctive and abundant rock 
throughout the whole formation is a granulated diorite which often 
grades into a dioritic gneiss. An isolated round boulder of norite 
discovered by Bart rum (1920a) in Waitemata sandstones at the 
mouth of Wairau Stream, Milford, probably represents material 
similar to that of the conglomerates further north, which was 
entangled in drift-wood and .so carried well away from the shore. 

Bartrum (1920) noted the occurrence of a band of much- 
weathered conglomerate in a deep road-cutting at (^ut Ilill, three 
miles south of Albany on the road to Birkenhead. Recent excava- 
tions have exposed somewhat less-weath(U‘ed material, and shew that 
the conglomerate dips south-east at about 70°. At the north end of 
the cutting there is a mass of inclined cross-bedded fine-grained sands 
and mudstones, which continue south for about 20 yds., and then give 
place to a bed 6 ft. thick of coarse-grained conglomerate which con- 
tains rounded boulders, up to 2 ft. in diameter, of siliceous material 
probably derived from the Onerahi Series. Finally a finer-grained 
conglomc'rate, with pebbles averaging about 2 ins. in diameter, comes 
in above this bed and extends for 20 yds. to the south end of the 
cutting. Most of its pebbles or boulders are of weathered sandstone 
apparently worn from earlier Waitemata beds during a phase of 
contemporaneous erosion. There are also a few pebbles of siliceous 
material similar to those of the lower band just described, whilst 
larger masses, as much as 1 ft. in diameter, of a greatly-weathered 
igneous rock resembling andesite are scattered throughout this and 
other beds of the conglomerate at this locality. The diorites charac- 
teristic of the Albany conglomerates are entirely absent. 

In discussing the origin of the Albany conglomerates it is neces- 
sary to draw attention to the fact that beds similarly containing 
pebbles of plutonic rocks which are often affected by pressure have 
been described from Mesozoic and Tertiary strata in a number of 
localities in the North Island, as, for example, the central portion or 
King Country (Park, 1893), near Kawhia (McKay, 1884c, p. 145), 
on the East Coast near Gisborne (McKay, 1887; 1884b, p. 72), Great 
Barrier Island (Bartrum, 1921) and at Mangapai and Onerahi on 
the Whangarei Harbour (Bartrum, 1921a; 1924a). 
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Occasional dioritic bouldcre also occur at Kaipara Harbour 
(Marshall, 1917), in the North Cape area (Bartrum and Turner, 
1928) and, as determined by a recent visit of the authors, near the 
mouth of Waimamauku Stream south of Hokianga Harbour and at 
Hokianga South Head, in conglomerates which arc dominantly ande- 
sitic in character and have been unhesitatingly correlated with the 
Waitakerei fragmental volcanic beds. These latter are generally 
accepted as constituting a horizon above the sedimentary facies of 
the Waitemata beds near Auckland. This fact of the distribution of 
the diorites raises the interesting question whether the North Cape 
conglomerate's in particular, in view of their somewhat plentiful 
dioritic i)el)bles and intercalation in fossiliferous normal Tertiary 
sediments, should not be regarded rather as the equivalent of the 
Albany conglomerates than of the Waitakerei breccias. Such a 
correlation is further suppoiled by the stratigraphic position of the 
Hokianga conglomerates, which appear to lie at no great distance 
above the basement of Onerahi limestones. 

The origin of the pressure-affected plutoiiic and other pebbles is 
of particular interest in view of the fact that no plutonic rocks have 
])een discovered in situ within very considerable distances of outcrops 
of Albany conglomerate. Bartrum (1920) has discussed the facts 
fully, and there is no need to add to his statements regarding the 
known occurrence of coarse-grained batholithic or other intrusive 
jiiasses, b(\vond the fact that the i)resent authors have recently found 
that the gabbroid massi's described in association with peridotites by 
liell and Clarke (1910) have local gneissic facies, and that small 
batholithic masses of basic intermediate or basic composition are not 
infrequent over a wude aiH'a both north and south of Hokianga Har- 
bour. 

Conclusions summarized elsewhere may well be quoted “ The 
granulat(‘d and sheared plutonic rocks are believed to be representa- 
tives of a buried terrain which was in existence before and during 
the deposition of Trias- Jura sediments exposed in neighbouring 
areas, which arc the oldest rocks so far discovered in situ in the 
North Island of New Zealand. This terrain apparently persisted into 
Tertiary times, for the Miocene conglomerates appear not to be a 
rewash of mid-Mesozoic one».'^ (Bartrum, 1924b). 

Parnell GriV^ Horizon of the Waitemata Series, 

General Description, — A further variation from the normal 
sandstones and mudstones of the Waitemata Series is shewn in bands 
of hne-grained volcanic grits, tuffs, and in some places coarse-grained 
breceias and agglomerates, which outcrop freely along the east coast 
north of Takapuna, and have been described by earlier writers as the 
“Parnell Orif or ‘'Cheltenham Breccia. Detailed descriptions of 
the material of the beds have been given by Pox (1902) and Mulgan 
(1902) to supplement the more general statements of Ilochstetter 
(1864), Cox (1882), Hector (1886), and Park (1889). Outcrops of 
material distinctive of this horizon were noted within the present 
area at the following places along the eastern coast : — 

1. Castor Oil Bay, Milford. At the south head of the bay there 
is typical coarse material. At the north head fine tuffaceous 
material probably represents the same horizon. 
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2. Bed Bluff. 

3. On both sides of the bay at Deep Crodi. 

4. Beside the road to Tirohanga Hill, one mile inland from Long 

Beach. 

5. On the western side of Hobbs Bay, Whangaparaoa Peninsula. 

6. On the western side of Maori Bay, Whangaparaoa. 

7. Along the north coast of Whangaparaoa Head. 

Fox (1902) also mentions an outcrop on the north side of Okura 
Estuary, whilst other outcrops may exist west of Manly on the north- 
ern shore of Whangaparaoa Peninsula, for this area was not exam- 
ined. Similar beds have been recorded by McKay (1884a, p. 104) 
and others from as far north as Puhoi. 

For so wide-spread a bed the “ grit ” is fairly uniform in 
material, though subject to variation in texture. It typically con- 
sists of angular fragments, about one-quarter to one-half inch in 
diameter, of andesite and Waitemata sandstone set in numerous inter- 
stitial particles of the same materials partially cemented by calcite. 
Larger masses of sandstone and andesite from 3 ins. to 3 ft. in 
diameter are often scattered sparsely through the rock, especially 
where it is a little coarser in texture than usual. In several places, 
as on the southern side of Castor Oil Bay, there are enclosed blocks 
of carbonaceous mudstone which are possibly derived from subjacent 
Onerahi beds. 

By far the greater proportion of the volcanic material is com- 
prised of porphyritic and often vesicular andesitic rocks, though more 
acidic trachj-tic ones have been recorded (Bartrum, 1917). Isolated 
crystals of augite and plagioclase are sometimes numerous. Abundant 
varied Bryozoa occur in almost every locality where the grit is 
developed, though unfortunately they are unfavourable for exact 
determination, since perfect specimens are hard to obtain.* Other 
fossils of Parnell Grit horizon include Foraminifera and the broken 
remains of lamcllibranchs, corals, echinoderms and crustaceans. 

Cross-bedding is a prevalent feature in most of the bands of 
“ grit,” and lenticular beds shew transition both later^ly and ver- 
tically from coarse to fine facies in the most abrupt fashion. Wide- 
spaced joints are usually well displayed, with the fissures occupied 
by veiniets of calcite which sometimes exhibits good rhombohedral 
and scalenohedral crystals. Fox (1902, p. 461) records veiniets of 
zeolites, but none was noticed by the present writers. The contact 
between the “ grit ” and underlying Waitemata beds is often a 
faulted one; where the sequence is uninterrupted, however, the vol- 
canic beds appear conformably to overlie the normal sediments (Mg. 
2). There is often interdigitation of lenses of san<hrtone in the basal 
portion of the grit, indicating a transition from one set of beds to 
the other, though Ferrar (1925a) conmders that in some cases slight 
unconformity is indicated at this horizon. Hector (1886) similarly 
held that such unconformity exists, and removed the beds above it 
from the Waitemata Series. 


*Fox (1902) lists a number of species obtained near Auckland, but 
ms determinations have not yet been revised by competent workers upmx 
this group. 
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Coarse-textured breccias which occur in the high searcliffs of the 
northern and eastern coasts of the small peninsula taiown as Whanga- 
paraoa Head, which terminates Whangaparaoa Peninsula itself, con- 
stitute an important special phase of the Parnell Grit. Interbedded 
with acutely-disturbed sandstones, they outcrop almost continuously 
for about three miles, and at the most northerly point of the penin- 
sula, about three-quarters of a mile west of Huaroa Point, take the 
form of a very coarse breccia or agglomerate. The included frag- 
ments here average about 3 ins. or 4 ins. in diameter, whilst many of 
the constituent blocks of andesite — the prevailing rock-type — are as 
much as 3 ft. across. An interesting and important feature is the 
occurrence in the breccia of large angular fragments of limestone, as 
much as 5 ft. in greatest dimension, which consist mainly of Bryozoa, 
AmpMstegina and other Poraminifera and echinodermal remains 
(Pig. 5). In constitution it thus resembles closely the Whangarei 
limestone (see Marshall, 1916, p. 91), and that near Papakura, the 
lormer of which has been placed by Pcrrar (1924; 1925) near the 
base of the Tertiary sequence in that area, whilst the latter has long 
been placed at or near the base of the Waitemata Series (see, for 
example, Park, 1886). 

Other interesting inclusions in the breccia of Whangaparaoa 
Head are occasional boulders about 3 ins. in diameter which contrast 
strikingly in their well-polished nature with the general angular 
material. Petrographieally they consist of greywacke and of andes- 
ites and gneissic diorites indistinguishable from those of the Albany 
conglomerates. In addition, a pebble sectioned proved to be a fine- 
textured submarine tuff (Pig. 6) containing fragments of pyroxene 
and of a dark aphanitic rock set in a calcareous matrix in which 
remains of broken pelecypod shells and tests of Rotalia and other 
Poraminifera could be distinguished. 

The explanation of the incorporation of these boulders in the 
agglomerate, along with the masses of limestone and sandstone men- 
tioned above, lies undoubtedly in their disruption from subjacent 
beds by volcanic eruptions (evidently at no great distance) which 
supplied the andesitic debris constituting the main mass of the 
deposit. The existence of limestone beneath the sandstones of the 
urea is what might be expected in view of its outcrop near the base 
of the Waitemata Series on nearby islands, but it is especially inter- 
e.sting to have the suggestion, if not demonstration, of the extension 
of the Albany conglomerates far cast of their surface outcrop. 

Horizon and Origin of the Parnell Grit — ^Much has been 
written by earlier workers regarding the stratigraphic position and 
origin of the Parnell Grit, but the evidence is by no means conclusive. 
Vox (1882, p. 25) points out that it overlies the foraminiferal beds 
at Orakei Bay, Auckland — a fact certainly supported by recent dis- 
closures of the grit in the railway cut near Orakei Basin — ^but this 
by no means delimits its position in the whole series. He is further 
inclined to regard the deposit as material spread on the floor of the 
shallow Waitemata sea by the earliest of the eruptions which had 
their culmination when the rocks now consituting the agglomerates, 
breccias, and conglomerates of the Waitakerei Hills were hurled out 
to form a mass nearly 1000 ft. in thickness. Park (1886) similarly 
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correlates the Parnell Grit with the Waitakcrei breccias and places 
both near the top of the Waitemata Scries. 

On the other hand, near Maliurangi Heads (Fox, 1902, pp. 474- 
475), beds which are referred to these grits lie not far above lime- 
stone belonging to the Oncrahi Scries, whilst the writers’' observations 
on the Auckland-Riverhead section make it clear, in spite of compli- 
cations introduced by local sharp corrugations and dislocations, that 
the tuffaceous beds at Parnell Point are overlain by several hundred 
feet of sandstone. It thus appears certain that the eruptions which 
spread this volcanic debris were not limited to the final stages of 
Waitemata sedimentation. 

Pox (1902) subdivides the Parnell Grit, using the term in the 
comprehensive fashion adopted here, into two phases which have 
different sources and dates of origin, but this is unsatisfactory, since 
the coiTclation of beds only a few feet thick and often many mih'S 
apai’l is based only on variations in texture combined with minor 
lithologic changes. He suggests that his ‘^Gheltenham Breccia,” 
which includes most of the Parnell Grit in the i)resent area, derived 
its andesitic debris from the line of vents which gave source to the 
Waitakerei Hills about 15 miles west of the Takapuna-Silverdale 
coast-line, an opinion more or less shared by Mulgan (1902) and in 
agreement with that of Park {loc. ciY.) and others. 

Two objections may be urged against this view. First, the Wai- 
lakerei breccias have been accepted by all workers on the geolog>" of 
the Auckland district as at the top of the Waitemata beds (see Vox, 
1882; Park, 1886) ; most writers regard them as conformably cabovc 
these latter (see, for exami)le, Mai'shall, 1908), though Bartrurn 
(1924) finds evidence near Kaukapakapa suggestive ol* uncon iorinity, 
which is strengthened by that now available from the Huia tunnel 
recently exca\ated in connection with Auckland water-supply. The 
tunnel follows a thin slightly lensoid bed, often only about 2 ft. in 
thickness, which is interbedded at the west end of the tunnel with 
sandstones of Waitemata facies. This bed consists of fine-textured 
angular volcanic debris, with occasional well-rounded pebbles of 
greywackc and andesite, and contains poorly preserved molluscan 
shells, a few Forailiinifera, and other fossils. Towards the eastern 
mouth of the tunnel this material appears to grade into coarser debris 
of the Waitakerei breccia formation, the contact between the two sets 
of beds being indistinguishable. These facts appear to indicate that 
the Waitakerei breccias rest upon an uneven erosion surface of the 
Waitemata beds. 

In the second place, the irregular variation in texture of the 
'' grit ” from place to place, the lensoid nature of the beds, their 
rapid change in thickness in any particular locality, and the total 
absence of any trace of a former large central vent, all lend support 
to the view that the component andesitic material was supplied from 
a number of small centres of eruption rather than from a single 
major one. Nevertheless the petrographic uniformity of the included 
volcanic debris points to a common magmatic source for it aU, and 
it is therefore believed that the Parnell Grit, though not a continuous 
stratum, consists of a series of lenses which occur, in the main, 
approximately at the same horizon in the Waitemata Series, though 
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similar material may also be found at other levels within that series. 
As already suggested, it is probable that a considerable lapse of time 
separated the deposition of the greater portion ot* the Parnell Grit 
Trom that of the Waitakerci breccias. 

Basalt Entangled in Waitemata Beds at Whangapuraoa. — A 
large horse of columnar basalt about 20 ft. in diameter has been 
entangled, along with large blocks of Parnell Grit, in highly dislo- 
cated Waitemata strata three-quarters of a mile west of Huaroa 
Point, Whangapuraoa Head. Prom its microscopic characters it is 
possibly the basalt, said to have come from Wade (Silverdale), which 
has been described by Sollas and McKay (1906, p. 158), and believed 
by them to bi'long to the same period of eruption as the Pleistocene 
or sub-Rocent basalts near Auckland. The present writers prefer to 
I’cgard it rather as approximately coeval with later Tertiary basaltic 
intrusions at Sugar Loaf, near Matakana, and Ti Point (Bartrum, 
1920a) about 20 miles to 25 miles further north. The main evidence 
in favour of this view is the fact the altered olivine of the 
Whangaparaoa rock contrasts strikingly with the unaffected mineral 
of the Auckland basalts, but strong support is added by the know- 
ledge that these latter were not erupted until long after all imi)ortant 
movements connected with the orogeny by which the Waitemata beds 
were disordered had ceased. The Whangaparaoa basalt, on the con- 
trary, preceded this period of stress. 

f^truciurc of fh( Waitemata Scries. — View’ed broadl>, the beds 
of the Waitemata Series of the present district resem])le those of other 
ar(‘as in their simple, gently-inclined or horizontal disposition, thougli 
superposed upon this simple structure there is local complexity shew)i 
))y reiativel> narrow’ zones of acute folding and fracture. Park 
(19J0, pp. 133-135) summarizes these facts, publishing a diagram 
illustrative of the complex local dislocation of the beds, and ascribes 
this latter to thrust exerted by the comparatively recent volcanic 
outbursts.’' Though this certainly is suggested by the section at the 
west head of Tamaki Inlet, near Auckland, where a dissected basaltic 
cone is associated with considerably-disordered Waitemata beds, yet 
it is entirely negatived by the clear evidence that the Auckland bas- 
alts have everywhere buried topography carved subsequent to defor- 
matior. 

It is exceedingly difficult to ^^stematize the structural disposition 
of the Waitemata strata in the present area, because of the constant 
local complexity. Between Milford and Ohura Estuary, however, 
there is synclinal arrangement of the beds which was early pointed 
out and fibred by McKay (1884, p. 103). This can also be distin- 
guished, with superimposed minor corrugations and fractures, in the 
section along the shores of Waitemata Harbour from Kauri Point 
to Lucas Creek. The axis of the syneline appears to trend approxi- 
mately north-east and south-west, for a north-east strike is very 
general. 

Another fairly large area over which the general attitude of the 
beds is relatively simple is Whangaparaoa Peninsula, with the excep- 
tion of its extreme eastern portion, for a slight westerly dip is very 
constant. 
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Turning, however, from these areas to those where faulting or 
corrugation is evident, it is almost impossible to unravel the tangled 
skein of facts — facts so numerous that their incorporation in this 
paper is impracticable. Normal faults, reverse faults with associated 
overturned folds, and possibly also flaws, constantly succeed one 
another and trend with directions so diverse that their maze almost 
obliterates evidence of structural control in their creation. It is 
indeed probable that a N.E.-S.W. disposition of such fault and fold 
axes is dominant, a fact which is in keeping with observations recently 
summarized by the present writers (1928, pp. 135-137), which shew 
that the structure of the Auckland area and of North Auckland 
Peninsula is governed by two series of great fractures arranged in 
rectangular pattern, of which the lesser trends north-east and south- 
west. It is also possible to co-ordinate the broader features of the 
two most extensive and intensive zones of compression traversing the 
present area. One of these (Pigs. 7-9) is perfectly portrayed in the 
sea-cliffs between Wairau Creek, Milford, and Bed Bluff, about two 
miles further north, and the other is at Whangaparaoa Head (Pigs. 
11-14). 

The Milford section exhibits an example of thrusting which 
invariably proves a delight to all geological visitors. The base of the 
visible section shews that the beds below the lowest thrust ‘ sole ’ 
have been crumpled and overturned by frictional drag. Above them 
there are at least two thin lensoid overthrust sheets, followed by a 
much thicker one with a minimum thickness of at least 30 ft. (See 
Pig. 7). The edges of its strata arc indragged in most interesting 
fashion at the thrust-plane (Pig. 8), and it is interrupted by two 
narrow zones from 15 ft. to 25 ft. in width in which sub-vertical beds 
are entangled (Pig. 9). 

The writers had early attempted to refer these zones of sub- 
vertical strata to intilting along faults developed subsequent to 
thrusting from a south-west direction, but could not find this expla- 
nation satisfactory. Nor did the hypothesis that these zones followed 
the course of flaws prove more acceptable, and they are indebted to 
Dr. Leon Bossard for a suggestion which explains the facts more 
satisfactorily than the other hypotheses. This is that the sharply- 
tilted strata represent beds forced against a resistant foreland at the 
toe, somewhat arcuate in plan, of an overthrust mass advancing 
approximately from the south-west. This latter was compelled to 
develop temporarily sub-vertical reverse faults, and then to over-ride 
the obstructing mass at higher levels. Particular support is afforded 
this hypothesis by the fact that the over-ridden beds include especially 
rigid strata in a band of PameU Grit approximately 15 ft. in thick- 
ness, ‘horses’ of which have been included in one of the zones of dis- 
turbance (Pig. 7). As will be pointed out later, there is further 
suggestion from elsewhere that the PameU Grit frequently provides 
a resistant mass upon which the weaker normal facies of the Waite- 
mata Series are overthrust or piled up in close folds. 

Corroborative evidence is yielded also in the drag of the edges 
of the beds of the major overthrust sheet down the plane along 
which the most pronounced dislocation has occurred, which, further, 
appears to die out seaward, a fact which suggests that actually it 
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merges into a sharply arcuate, variably-inclined fracture bounding 
the front of an advancing sheet. 

The incidence of pressure at Whangaparaoa is perhaps even 
more remarkable than at Milford, but its features are not so familiar 
on account of its comparative inaccessibility. Highly detailed map- 
ping is necessary before the full scheme of events can be unravelled, 
and this was impossible in the limited time available. Nevertheless, 
a major rock-sheet, which has been thrust apparently from a more 
or less southerly direction, is clearly recognizable for a distance of 
about half a mile north and a similar distance south of Huaroa 
Point. Lenses of Parnell Grit are thrust one over another, whilst 
normal faults have combined with the thrusts to render the disposi- 
tion of the strata such that it can only be described as chaotic (See 
Pigs. 13, 14). Certain details of structure displayed in the almost 
uninterrupted sea-cliflPs and broad cut-platforms are well worth brief 
record. On the northern side of the isthmus which separates Maori 
Bay from the northern coast, the beds undulate gently, but trend 
uniformily about E.N.E. Passing east, however, Parnell Grit soon 
appears, affected by intense faulting movements which have displaced 
lenses of the grit itself, brecciated the sandstones and indragged them 
along the fault zone. Moderately complex folding is exhibited for 
about half a mile further eastwards (See Pig. 11) and then, about 
three-quarters of a mile west of Huaroa Point, the pressure finds its 
expression in the development of overthrusi sheets amongst which 
large masses of coarse volcanic breccia and one of the columnar basalt 
described in an earlier section are entangled. A quarter of a mile 
further east, upward shearing is perfectly displayed, and there begins 
also the major sub-horizontal thrust from a southerly direction which 
has already been noted. South of this zone of thrusting, folding 
again becomes the most noticeable expression of the disturbing forces, 
and such close folds are displayed that the beds stand vertical for 
distances of several chains across the strike. Beds of coherent sand- 
stone 2 ft. or more in thickness may be bent through almost 180°, 
close examination alone revealing that the displacement has been 
adjusted along innumerable tiny fractures. 

One of the most noteworthy characteristics of the intense local 
deformations prominent in the Waitemata beds is the fact that they 
are almost always best developed in association with coarse or moder- 
ately-coarse beds of the Parnell Grit. This applies to other districts 
near Auckland in addition to that now described, Hochstetter (1864, 
p. 13), with his characteristic acumen, remarks on this at Whanga- 
paraoa, and, in explanation, as quoted by Hector (1886, p. 39), 
advances the theory that the grit is an eruptive formation 

which has penetrated between the sandstones and clay-marl strata, 
torn them asunder, broken them, and by lateral pressure to the west- 
ward forced them out of their original situation/^ 

This association of the grit with zones of complex yielding to 
compressive forces is too frequent to be merely a coincidence. An 
explanatory suggestion which may present itself is that the grit is 
low in the Waitemata sequence and comes to the surface only when 
brought there by folding or thrusting. There are good reasons for 
believing that this is not so, for at Whangaparaoa, as explained pre- 
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viously, there is evidence that beneath the grit there arc the Albany 
conglomerates, which appear to be distributed through a considerable 
depth of strata (Bartrum, 1924). 

A preferable explanation, which is supported very strongly by 
lh(» phenomena of the overthrust at Milford, is based on the massive 
comparatively unyielding character of the bed or beds of Par- 
nell Grit. Its lensoid strata have acted as obstructive masses against 
which more yielding beds have been piled up in folds by lateral 
]n’essure, and, when the limits of its own resistance to shearing have 
b(*en (exceeded, it has itsdf been piled up in small overthrust sheets. 

On summarizing the facts, it must be emphasized that no physio- 
graphic evidence of fractures of the N.W.-S.E. scries which are so 
important near Papakura and Brookby about 15 miles to 20 miles 
south-east from Takapuna, can be obtained in the present area, nor 
could it, y)erhaps, have been expected, in view of the poorly- 
rc'sistant nature ot‘ the underlying strala. Nevertheless, facts have 
been s('t foi*th which shew that there has been moderately intense 
compression al force acting from a south-western direction, which has 
given origin to thrusts representing a special phase of the same post- 
Waitemata orogeny (the Kaikoura orogeny of Cotton, 1916) as is 
evidenced by the major faults near Papakura, sub horizontal move- 
ments having temporarily superseded vertical. 

The inference drawn by the authors is in accord with their views 
of the structure of North Auckland Peninsula (Bartrum and Turner, 
1928, i)p. 135-137). They believe that their area represents a later- 
ally comprt'ssed member of a series of elongated sub-parallel blocks 
rising along a N.W.-S.E. fold-axis deliii(‘ated long i)reviously in early 
GretaceoUvS times. It would appear that its structure, in a broad wav, 
is anticlinal, with the strike of the accompanying thrusts sub-parallel 
to the anticlinal axis. 

Special complications have arisen, however, in response to the 
piH'sence of structural elements of the complementary N.E.-S.W. 
series. It has ))c*en shewn earlier that these are indicated in the dis- 
position of the strata, and it can now be Stated that physiography 
also indicates control of this kind. That this is so is suggested by 
such phenomena as the direction of Whangaparaoa Peninsula and 
the very gxmeral N.E.-S.W. trend of streams of the district and of 
cei’tain cuesta-like divides which are by no means uncommon, espe- 
cially both east and west of Lucas Creek. 

In addition to the structural characteristics of the Waitemata 
beds which have been described and discussed, there are others which 
are not without their interest. Amongst them is the presence of 
interformational dislocations and folds, which are generally present 
on a minute scale, and are then limited to a layer not over 1 ft. in 
d(‘i)th. One of the best examples is near the sewerage discharge about 
three-quarters of a mile south of Takapuna Beach, where a bed about 
2 ft. 6 ins. in depth is complexly corrugated. The probable cause is 
subaqueous gliding of delta-beds down the slope of the delta, when 
growth has caused over-loading, for the local examples exactly 
resemble those figured by Grabau (Principles of Stratigraphy^, 19.13, 
p. 783, Fig. 167) from Canada. 

Relation of the Onerahi and Waitemata Series, — The question as 
to whether or not unconformity separates the Waitemata beds from 
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the Onerahi rocks below them has given rise to much discussion ever 
since Cox (1881) first suggested that the series are unconformably 
related. Whilst members of the present Geological Survey (e.g. 
Perrar, 1924; 1925) support the view that the Waitemata Scries 
rests on the eroded surface of the Onerahi Formation, Marshall 
(1917) has expressed the contrary view that the hydraulic limestones 
of North Auckland (part of Perrar’s Onerahi Series) lie betwoem 
the Waitemata beds and the Early Tertiary Whangarei limestone, 
and form part of an unbroken Tertiary sequence. In 1924 he again 
affirms the Tertiary age of the hydraulic limestones. 

A number of indications that unconformity does exist may be 
observed in the area here described ,and may be enumerated briefly 
as follows: — 

1. Pebbles lithologically similar to the more siliceous members 
of the Onerahi Series are found in many of the bands of conglomerate 
which arc widely scattered through the Waitemata Series, especially 
in those at Cut Hill. Other pebbles, such as some from the Albany 
conglomerate and the Parnell Grit at Whangaparaoa, include Glohi- 
.qmno-bearing marl which resembles closely the Onerahi hydraulic 
limestone.* 

2. The rocks of the Onerahi Series universally shew intense shat- 
tering in contrast with the unshattered massive beds of the Waitemata 
Series. That this shattering is the result of pressure, and not merely 
of shrinkage during drying of the beds, is eli^arly shewn by the pres- 
ence of similar fractures in a band of siliceous nodules included in 
the limestone at Mappings quarry, Silverdale. 

3. When their stratification is disceimible, the Onerahi beds 
always dip at steep angles, in marked contrast with the normal 
gently-undulating or sensibly-horizontal disposition of the Waitemata 
strata. 

4 In some localities horizontal Waitemata beds vest on the 
Onerahi rocks at heights above sea-level which vary widely at points 
relatively close one to another. This may be explained by faulting in 
any si)ecific case, but such occurrences are so frequent over a wide 
area, which includes not only the present district but most of North 
Auckland, that the bCvSt explanation is afforded by the assumption 
that a highly irregular erosion-surface .separates the two series. 

f). It has already been shewn that ultrabasic rocks invaded the 
Onerahi strata prior to the deposition of the Waitemata Series. Ben- 
son (1923, p. 53) remarks on this, and suggests that they are coeval 
with serpentines which wore injected into the rocks of New Oaledonia 
during an important Early Tertiary orogeny, for New Zealand and 
New Oaledonia shew considerable structural similarity and lie on 
the same great fold-arc. 

There is in addition strong presumptive evidence that long-con- 
tinued erosion superseded the orogeny, for, as has been shewn, at 
Lloyd Hill serpentine, intrusive into the Onerahi beds, appears to 
have been denuded of its cover prior to the Waitemata transgression. 

6. In areas south-east of Auckland, and in others north and east 
of the district described in this paper, the Waitemata strata rest on 

‘"Similar evidence has been adduced from neighbouring districts by 
Cox (1881). Henderson (1914), Bartrum (1924, pp. 143-144), and others. 
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a basement of the Hokonui (Trias- Jura) greywackes, though, in num- 
bers of other localities, often not far distant from the first, they lie 
on Onerahi strata. It is true that the absence of these latter beds 
near Auckland and south of that city may be explained by differen- 
tial subsidence of the area of deposition in Onerahi times, subsidence 
beginning earlier in the north than in the south, but further north 
such an explanation cannot hold, for the changes of the basement 
series are too rapid. Further, in conjunction with these changes the 
undoubtedly great, though unknown, thickness of the Onerahi beds 
and their wide extent are greatly against an explaiiation of the facts 
on the basis of overlap of the Waitemata beds upon lower strata as 
the uppermost members of a conformable sequence, and the hypo- 
thesis of unconformity remains as the more satisfactory alternative. 
After due consideration of the evidence adduced, the writers are 
inclined strongly to the belief that Onerahi sedimentation was term- 
inated by uplift associated with acute stress which had as accompani- 
ment the injection of basic and ultrabasic intrusions. Erosion 
intervened for a sufficient time to permit the removal of the soft 
Onerahi cover from areas that were relatively uplifted by folding or 
warping, and underlying Hokonui rocks were bared, to sink in their 
turn ben(‘ath the transgressing Waitemata seas. 

Origin of the Waitemata Series , — The gritty nature of many of 
the sandstones, the frequent development of bands of beach-conglo- 
merate, often of great thickness, the presence of thin lenses of inter- 
formational conglomerate, and the abundant fragments and even 
whole tree-trunks of carbonized coniferous wood which occur in many 
of the mudstones, render it evident that the rocks of the Waitemata 
Series originated as delta-deposits laid down rapidly in a shallow sea. 
Rij)ple-marks are very constant, and help to indicate the shallowness 
of the water. Prom the rarity of marine fossils it appears that the 
rivers brought in such floods of waste that the waters near shore were 
unfavourable for inoUuscan and other similar life. The area of 
de])osition was relatively extensive, for in spite of long-continued 
denudation subse(iu<mt to uplift, the Waitemata se^diments to-day are 
j)rescnt over an area approximately twenty miles wide, which extends 
from forty or fifty miles north of Auckland to a considerable distance 
south of that city, and in some localities are as much as 1200 ft. thick. 
The exact location of the Tertiary laud-mass from which this 
sediment was unloaded is difficult to fix, but the coarse-grained 
nature of the sandstones and wide development of conglomerates 
north-west of the district here described, suggest that the bulk of 
the material came from that direction. In the vicinity of Wainui 
Hill east of Kaukapakapa, in particular, fragments in the Albany 
conglomerate attain truly remarkable size, many exceeding 7 ft. in 
diameter. The larger of them are mainly andesite, but occasional 
dioritic masses at least 4 ft. in average diameter can also be found, 
whilst smaller boulders include greywackes and other sediments as 
well as varied igneous rocks. This indicates clearly that a greywacke 
terrain, varied locally by protruding dioritic batholiths, younger 
sediments, and andesitic and other eruptives was close at hand, 
drained by rapid streams which built up deposits upon the sinking 
sea-bottom which include a lensoid mass of coarse gravels over 600 ft, 
in maximum depth. 
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There is very clear evidence that the material does not come from 
an eastern land in the nature of the basal beds of the series on its 
eastern margin. These include beach-conglomerates lying hard upon 
the Mesozoic greywackes from which they have been worn, above 
which are plant-bearing quarta-sandstones and fireclays with which 
bands of coal are associated at Hunua, Drury, and Bombay. Above 
this there are marine beds sometimes in the form of foraminiferal 
shales, but more often as sandstones. At Maractai, the Papakura- 
(levcdon area and Kawau Island — ^this last far separated from the 
other more southerly localities — there are more or less impure flaggy 
limestones, built of broken bryozoan, algal, and echinodermal remains, 
with foraminifers and occasional brachiopods and molluscs, which 
closely follow the basal conglomerate. Shorewards they grade into 
calcareous sandstones and evidently represent deposits formed in 
relatively clear water at some distance from the growing Waitemata 
delta. Later, however, the advance of this latter inaugurated the 
ubiquitous succession of sandstones, with intervening narrow layers 
of mudstones, which cover the limestones. 

The phase of sedimentation which has been outlined was punc- 
tuated by an outburst of volcanic activity during which, it is believed, 
andesitic cones rose above- the seas of Waitemata times in the region 
now occupied hy the western part of Hauraki Gulf, and gave rise to 
the tuffs and breccias of the Parnell Grit. These cones were soon 
removed by erosion, and deposition proceeded as before. 

Before Pliocene times the general transgression became reversed 
at the initiation of the Kaikoura movement of uplift, and the sedi- 
mentation soon ceased, to be followed shortly by the emergence of 
wide areas of Waitemata beds along the fractured flanks of the gi’cat 
anticline of North Auckland. Long-continued erosion upon the com- 
pressed and fractured blocks has subsequently developed the major 
features of the present topography. 

Post-tertiary Deposits. 

Post-Tertiary depo.aits include volcanic and alluvial and other 
sedimentary beds which have accumulated in restricted parts of the 
area, especially in the south, during Pleistocene to sub-Recent times. 

The volcanic rocks include basaltic flows and sheets of tuff and 
lapilli ■^'ound in the south-eastern part of the district, where three 
broad, ]>icturesque, shallow tuff craters are grouped near the head 
of Shoal Bay, an arm of Waitemata Harbour, The flows are restricted 
to the margins of Lake Pupuke, which occupies the caldera from 
which they were poured out, and are prominently exposed along the 
shore between Takapuna and Milford Beaches (Fig. 18) overlaid by 
beds of fine-textured material which form a continuous sheet 
encircling the lake as a low-angle cone. A beautiful section of the 
tuff and unconsolidated lapilli of this sheet is afforded by quarries 
on the west margin of the lake (Fig, 16), where they are not less 
than 50 ft. in thickness and shew especially regular bedding in their 
upper portions. The remaining two caldera are on the western shores 
of Shoal Bay, and are breached to admit the sea at high-water to 
their extensive mud-filled sub-circular basins (Fig. 15). The material 
of the encircling cones is relatively consolidated and coarser than at 



886 


Transactions, 


Takapuna, for it includes many large angular fragments of Waite- 
mala sandstone and of basalt, in addition to the finer debris of these 
rocks. 

The period of activity of the Takapuna and Shoal Bay volcanoes 
may be taken to be approximately that of those of Auckland Isthmus, 
where the perfect preservation of the cones and craters, the freshness 
of many of the flows which still show plainly such surface characters 
as ropy structure, and the manner in which many of the flows have 
occupied valleys of a very late erosion cycle, all testify to the com- 
paratively recent date of these eruptions. This may best be referred 
to the later I^leisto(*ene or to sub-Recent times. 

Post-Tertiary sediments have only minor importance in the 
Takapuna-Silv('rdale area, and for the most part take the form of 
veneers of flood-plain gravels covering limited river terraces. In the 
Shoal Bay-Takapuna district, however, there are pre-volcanic estuar- 
ine silts of Pleistocene age. Discussion of their origin opens up 
questions of considerable physiographic interest, so that they will 
be considered in greater detail in a later Section. 

DRAINAGE AND PHYSIOGRAPHIC DEVELOPMENT. 
Prksent Physiography. 

Inspection of the map shows drainage which is generally inse- 
quent, although, as noted, the valleys of Okura Stream and of the 
(‘astern tributaries of Rangitopuni Stream, Lucas Creek, and several 
other streams, ai)pear to shew structural control in their N.E.-S.W. 
alignmemt. Another though different suggestion of such control is 
afforded immediately south of Albany by two cuesta-like divides each 
of which has a long gentle slope northward, and a steep scarp 
approximately 150 ft. in height facing the south. The strike of the 
rocks from which the divides arc carred is transverse to the trend of 
the latter, and in addition their resistance to erosion does not appear 
to be superior to that of other rocks of the vicinity, so that it appears 
probable that the steep faces represent fault-scarps, especially as the 
north-('ast trend of the northern one and the south-east direction of 
the southern accord with the directions of the two dominant fault- 
s> sterns of Auckland Province (sec Bartrum and Turner, 1928, p. 
186). 

In the present area relief and topographic detail frequently have 
Ihe usual sympathetic relation to the underlying rocks. The Onerahi 
]*ocks generally develop forms which contrast in their subdued nature 
with the stronger relief of areas of Waitemata beds, especially when 
the latter comprise the more resistant massive sandstones. In the 
Silv(‘rdale-Dairy Plat district, therefore, where Onerahi beds have 
their main distribution, the valleys generally are widely flaring and 
have broad low terraces margining the streams. Where siliceous 
])hases of Onerahi strata outcrop, however, their topographic recogni- 
tion is impossible. The intrusive serpentines usually fail to cause 
any notic(‘ablc disturbance of the simple contours of the Onerahi beds 
they invade, although they are sufficiently resistant to protrude in 
inconspicuous outcrops. 

Towards Takapuna, there is rapid descent from high-level 
maturely-dissected uplands to small bay-head plains along the east 
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Fig 1 — Photomicogi aph of ai gillaceous limestone of the 
Onerahi Senes from Okura Quany, shewing 
tests of Qlohigaina and other Foiaminifera 
Magnification 38 diams 



Fig 2 — Cross-bedded “Painell Grit*’ confoimably over- 
lying Waitemata sandstones and mudstones noith 
of Deep Creek A normal fault of small throw 
(20 ft ) displaces the beds on the left of the photo- 
graph Pkoto C f Dixtm 
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Fig 4— Limonite filling joints in Waitemata sandstone of shore-platform, 
Browns Bay, wave erosion has etched the material into strong 
relief 


Photo, ( f Dix&n 
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Fro 5 — Photomicrograph of limestone from a block 
included In the ‘‘Parnell Grit‘' at Whangaparaoa 
Head, shewing a test of Aviphistvgtna and remains 
of Bryozoa and corals. Magnification 46 diams. 



Fig 6 —Photomicrograph of volcanic tuff constituting a 
rounded pebble included in the “Parnell Grit** of 
Whangaparaoa Head, shewing crystals of augite. 
fragments of a dark aphanltic igneous rock and 
foraminiferal and molluscan remains set in a 
matrix of calcite. Magnification 46 diams. 
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PiQ. 7.— Thrusting in Waitemata stiala at the north end of Milfoid 
Beach The main thrust plane is a little below the middle of the 
photograph, and the in-bent edges of the lower (sub-horizontal) 
beds of the main tianslated sheet aie visible on a level with the 
root of the tree. A second plane of tluusting is shown beneath 
this in the middle poition, whilst a thlid is developed still further 
down on the left beneath the up-turned end^ of beds o\er-ridden by 
the higher sheet. Blocks of “Parnell Grit" entangled among the 
normal sediments are marked X. 
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Fig. 9. — General view, looking west from the shore, of the same 
thrust as in the last figure. Note the vertical disposition 
of beds near the left margin of the figure and again to< 
wards its right ed^e (Photograph of Fig. 7 is taken from 
near this latter) ; this disposition is believed to be the 
result of pressure from the south-west causing in-tilting of 
over-ridden beds adjacent to the curved toe of the advanc- 
ing overthrust sheet, which has been obstructed by a mass 
of resistant ‘‘Parnell Grit” (beyond right edge of figure). 
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Fj(i. 10. — Close-up view of disturbed Waitemata strata seen on the 


right in Fig. 9, showing the high degree of tilt and distor- 
tion where the beds approach resistant beds of “Parnell 
Grit," which he beyond the right maigin of the photo- 
graph. 



Fig. 11. — Folded and fractured Waite- Pig. 12. — Folding and thrusting in 
mata strata, north coast of Waitemata beds of sea cliffs 

Whangaparaoa Head. south of Huaroa Point, east 

coast of Whangaparaoa Head. 
The steeply inclined strip 
of vegetation (dark) follows 
a fracture. 
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Plate 114. 
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Pj(, 13 — Cont6rted Waitemata beds in sea cliffs of the east 
coast of Whangapaiaoa Head. 


> 



Fro. 14. — Band of “Parnell Grit*' (daik) in sea-cliffs south of 
Huaroa Point, Whangaparaoa Head, fractured and 
steeply in-dragged by movements accompanying mod- 
erately large-scale thrusting. 
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Pj(, 15 —View, looking towards its outlet, of the more northerly of the two 
breached caldeias of Shoal Bay, with the cone of Rangitoto in the 
distance Note the low elevation and steep inwaid slope of the 
ciater-walls, and the wide mud-fllled manj|i ove-dotted tidal in- 
terior. 

Photo, ( } Jhxon 



Pig 16 — Smale’s (foimerly Adams') quarry, west side of Lake Pupuke, 
showing the bedded basaltic lapilli (dark) and tuff of the low rim 
of this crater lake 


Photo, r E J)UtOH 
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Fio. 18. — Basaltic flow ov<*rlying Pleistocene clays (at and below 
level of hammer) at a height of 3ft. above high water mark 
in low sea cliffs a little north of Takapuna Beach. 

Photo, C E Dirnn 
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Fig 19 — Raised beach in foreground, passing in middle 
distance into a shoi e-platfoi m 4 ft above sea- 
level caived in resistant lava and backed by 
ancient sea cliffs constituted mainly of bedded 
lapilli View of Black Rock, Milfoid, taken in 
1915 Much of the raised beach has now been 
lemoved 



Flo 20 —Alluvial flat about 5 ft above sea-level backed by ahcient sea 
cliffs at southern end of Long Beach. 
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Fig 21 — Photoniiciogiaph of dolentic lock included m the 
seipentine of Fisheiman Cieek, showing plagio 
clase ophitically i elated to titaniferous augite 
and a little ilnienite Nicols tiossed Magnih 
cation 47 diams 



Fig 22 — Photomiciograph of schist from the seipentine of 
Fisheiman Creek, showing a large crystal of 
brown hornblende set in a matii\ of gianular 
pyroxene and feldspai Oidinaiy light Magnifi- 
cation 47 diams 
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Fig. 23. — Photomicrograph of coarse variety of serpentine 
from Major Jolly's quarry, White Hills. Large 
crystals of bastite are surrounded by serpentine 
derived from olivine and showing typical mesh 
structure. Nicols crossed. Magnification 47 diams. 



Pig. 24. — Photomicrograph of basalt from 'horse" included 
in Waitemata strata, north coast of Whanga- 
paraoa Head. A large phenocryst of olivine, 
largely altered to calcite and marginal iddingsite, 
and smaller ones of augite and plagioclase are 
set in a fairly coarse groundmass of augite, 
plagioclase and magnetite. Ordinary light. Mag- 
nification 47 diams. 
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Fki. 25. — Photomicrograph of coarse holocrystalline phase 
from a drusy pocket in Pleistocene basalt of 
Smale’s quarry, west side of Lake Pupuke, Taka- 
puna. Large crystals of ilmenite and augite are 
prominent in the general colourless mass of 
plagioclase. Ordinary light. Magnification 34 
diams. 



Pig. 26, — Photomicrograph of the Smale's quarry basalt. 

Large phenocrysts of unaltered olivine appear in 
a relatively coarse pilotaxitic groundmass of 
plagioclase, augite and Ilmenite. Nicols crossed. 
Magnification 47 diams. 
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coast, and to the broad aggraded basin of the upper portion of 
Wairau Stream, which in the past was dammed and probably diverted 
by the eruptions of Pupuke volcano. West of Pupiikc crater-lake, at 
the head of Shoal Bay, there is a wide plain at an altitude of approxi- 
mately 40 ft. above sea-level, which is built of flat-lying consolidated 
tuffs ejected by the volcano, and is drained by a small stream flowing 
into Shoal Bay. Northward it passes imperceptibly into a broad 
southern arm of Wairau plain, whilst to the east its lev (4 is con- 
tinued as a plain-like upland carved in Waitemata beds immediately 
at the head of Shoal Bay, and to the south by a platform, rising 
gently to higher levels, which is constituted by debris ejected from 
the northern of the two craters on the west shores of this bay. It 
is probable that these co-ordinated surfaces arc to be correlated with 
an erosion-level at about the same altitude around the extreme south- 
ern and north-western shores of Waitemata Harbour, and traceable 
as a prominent terrace on the eastern bank of Lucas Creek. 

The relation of a 40 ft. bench in close contiguity to an unfilled 
caldera at Shoal Bay has distinct interest. Its correspondence of 
altitude with adjacent erosion surfaces is too great to permit un- 
equivocal acceptance of any supposition that, where underlain by 
tuff, this feature represents an accumulation-surface affected since its 
initial stage only by colluvial processes. In view of this fact, and of 
the demonstrated widespread distribution around Waitemata Harbour 
of an erosion level at a comparable height above sea-level, the writers 
suggest that the bench on the flanks of the Shoal Bay cone is a 
portion of this extensive surface ; as will be shewn later, it was carved 
during a relatively distant stage in the physiographic development of 
the Auckland district. Prom this the deduction is inevitable that 
some, at least, of the Auckland volcanoes began their activity in far 
earlier times than others by which have been buried physiographic 
features which are part and parcel of the modem topography. 

Attention must, nevertheless, be drawn to tlje difficulties of co- 
ordination of the various events in the later history of the present 
distiict introduced by acceptance of the writers' views. It is shewn 
> in the next Section that if, as is suggested, the volcanic outbursts pre- 
ceded the formation of the 40 ft. to 60 ft, erosion surface, it is 
necessary to postulate that an extensive ancestral lowland at least 
40 ft. below this erosion level was carved at a stage (3c of the sum- 
mary at the end of the next Section) when the main movement had 
long been positive, for, at this horizon, post-Tertiary silts and clays 
underlie the volcanic debris. Though low-level planation at this 
stage is indicated by facts elsewhere, it is not shewn to be at all 
extensive. 

On the other hand, if the correspondence of surface level of the 
volcanic material and erosion surfaces of Shoal Bay is regarded as 
merely a coincidence, the explanation of the facts is relatively simple 
(see Section on Later History of Lower Wairau Basin), and the 
birth of the Shoal Bay-Takapuna volcanoes was by no means so early 
as is demanded by the alternative hypothesis. 

, Near the mouth of Kauri Gully, a small stream flowing east from 
Northcote which has been responsible for the breaching of the south- 
ern of the Wo calderas on the west side of Shoal Bay, there is a 
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short stretch of surprisingly broad shore-platform, about 200 yds. in 
maximum width, cut in Tertiary sandstones about 2 ft. below normal 
high-water level. Its development is abnormal in comparison with 
adjacent cut-platforms, and cannot be explained as due to recession 
of sea-cliffs (here about 60 ft. high), because the constituent rocks 
trend sub-parallel to the shore and shew no apparent differences of 
hardness along their strike. Furthermore, apparent recession of so 
large an amount is unknown elsewhere in Waitemata Harbour, unless 
under conditions similar to those obtaining in the present instance. 

The probable explanation of the platform is that at an earlier 
stage Kauri Gully carved a flood-plain near its mouth, and, in fact, 
a remnant of a similar plain originally conjoint with the other sur- 
vives in Sulphur Bay close by. Upon completion of the sub-Eecent 
submergence which has affected the whole of Auckland Peninsula, the 
shore-line receded rapidly as the veneer of soft unconsolidated allu- 
vium was removed, until stayed by the more resistant and lofty cliffs 
of Tertiary sandstone beyond the alluvium. 

Evolution of Modern Topography. 

When viewed from a distant elevation such as Rangitoto, the 
accordance of general level of the divides of the area now described 
is so striking that one of the writers (Bart rum, 1922) has elsewhere 
described the environs of Auckland as a jicneplain dissected in conse- 
quence of later uplift. Cotton (1922, p. 127, Pig. 130) has similarly 
applied the term peneplain to the region marginal to the local har- 
bour, but includes as products of the one cycle two erosion levels 
which are here believed to indicate composite topogi’aphy. Evidence 
from elsewhere in Auckland of peneplanation following late Tertiary 
emergence is clearly afforded by plateaus near North Cape (Bell and 
Clarke, 1910, p. 614; Bartrum and Turner, 1928, p. 102), whilst 
Grange (1927, p. 8) describes a peneplain from North Taranaki 
which is approximately contemporaneous in origin with that of 
Auckland, and, like the latter, was carved when sea-level was approxi- 
mately 700 ft. higher than now. 

At the close of Waitemata sedimentation, the Kaikoura uplift 
caused the birth of a broad land-mass which extended both east 
and west far beyond the limits of the present distribution of Waite- 
mata strata. This may be regarded as the initial stage in the develop- 
ment of the modern composite topography, which clearly has been 
controlled by post-Waitemata movements of sea-level. 

Following this emergence, long-continued erosion developed a 
wide peneplain which extended many miles east of the present 
district. Uplift then recommenced and reached a maximum probably 
not substantially in excess of 600 ft. The modem drainage was 
initiated during this positive movement, and the land-mass finally 
reached a stage which usually varies from early to late maturity, 
mainly under the control of three large stream-systems which prob- 
ably are tributaries of ancestral consequent streams fiowing in a 
south-east direction, and are themselves partly subsequent upon folds 
and fractures of the Kaikoura orogeny. 

If a suggestion based upon incomplete observations may be prof- 
fered, it appears likely that one of the ancestral consequents referred 
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to followed the lowland depression traceable north-west from Hobson- 
ville, on the north-west shores of Waitemata Harbour, through 
Kumeu and Kaukapakapa on the northern railway. Its eastern 
extension is now occupied by the harbour itself. 

The three large stream-systems mentioned, with which there is 
immediate concern, are: — 

1. Rangitopuni Stream, which probably joined the early Waite- 
mata River on the low plains east of Kumeu, and shews close 
approach to N.N.E.-S.S.W. alignment. 

2. Okura and Weiti Streams representing the betrunked portions 
of a dismembered river flowing to the cast on the south side of 
Whangaparaoa Peninsula. 

3. Orewa Stream, which enters the sea north of this latter penin- 
sula, is also the betrunked remnant of a much larger stream. 

The positive movement which commenced upon attainment of the 
peneplanation described, was interrupted by several well-marked 
periods of standstill, during which the streams became graded with 
resi)ect to appropriate sea-level, and cut wide valley-floors which now 
constitute terraces and small plateaus at various altitudes. Some of 
them are very extensive and can be correlated with similar erosion- 
levels in other parts of Auckland Province. The highest is somewhat 
poorly demonstrated and may, in fact, be merely a lower portion of 
the early peneplain described above. It is indicated at a height of 
about 300 ft. to 350 ft. above sea-level by benches cut on the walls 
of the valleys of tributaries of Lucas Creek and Okura Stream where 
they head against Pukeatua, and by the remarkably even summit of 
a divide which extends for nearly 5 miles south from Tirohanga Hill 
almost to Pupuke Lake. 

At a height of approximately 100 ft. to 120 ft. above sea-level, 
however, there are extensive uplands near Auckland City on both 
the northern and southern shores of the harbour, which have broad 
sometimes plateau-like interfluves locally covered by volcanic accumu- 
lations. This erosion-level includes almost the whole of the Takapuna- 
Devonport Peninsula, and is represented also by small terrace- 
remnants in tributary- valleys near the head of Lucas Creek. It almost 
certainly is to be correlated with marine benches noted by Smith 
(1881, p. 409) at a height of 100 ft. above sea-level at several points 
near Auckland and around Kaipara Harbour further north. 

The next erosion surface is at a height of 40 ft. to 60 ft. above 
sea-level, and is by far the most extensive ancient flood-plain near 
Auckland. It is present as terraces in practically all the valleys of 
the district described in this paper, especially near Albany, in Raugi- 
topuni and Orewa Valleys and near the limit of tidal waters in Okura 
Stream, and is preserved in wide plain-like remnants on the southern 
and western shores of Waitemata Harbour approximately west of 
Kauri Point. Watchman Island is interpreted as a remnant of this 
plain. 

At New Lynn, Hobsonville, and other places, there is demonstra- 
tion that this 40 ft. to 60 ft. level represents far more than a period 
of standstill during the major uplift we have discussed. Oscillations 
occurred prior to this standstill and, as will be shewn, were of con- 
siderable magnitude. Near New Lynn and Point Chevalier on the 
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south-west shores of Waitemata Harbour, the 40 ft. to 60 ft, bench 
is underlain in part by Tertiary sandstone, and in part by younger 
highly plastic clays which contain many richly-carbonaceous layers^ 
and often shew stems and roots of plants in the position of growth. 
Near the abandoned brick-works at Hobsonville there are also some 
fine-textured gravel beds belonging to this formation. These clays 
have a maximum thickness, where examined, of over 40 ft., and rest 
on a slightly-undulating surface of Tertiary sandstones. At New 
Lynn they have suffered local tilt in common with tlie surface on 
which they rast, though it has not been determined whether this is 
in consequence of folding or fracturing. 

These beds arc interpreted as deposits formed in lakes or on 
the swampy floors of the valleys of sluggish streams during the 
progress of very slow subsidence. 

It is thus clearly indicated that prior to the development of the 
extensive 40 ft. to 60 ft. erosion surface, there was emergence which 
raised the Auckland area until sea-level relative to adjacent land was 
much as to-day, or probably a little lower. These conditions allowed 
the excavation of valleys subsequently infilled to a greater or less 
extent by more recent clays during a slow negative movement of the 
strand,* and it will be shewn in discussion of the history of the 
Lower Wairau Basin, that the Shoal Bay-Lake Pupuke area possibly 
was also eroded at this period to form a hollow a little below what 
is present sea-level. The upward limit of the filling of the valleys or 
hollows has not been determined, but it is of importance to note that 
the tilt of the New Lynn beds has been observed in cases distinctly to 
be opposed to the slope of the surface subsequently carved upon 
them. This indicates that the flexure or faulting which caused such 
tilt was approximately concomitant with the period of standstill which 
closed this phase of minor negative movement. 

In addition to the previous examples of erosion-benches, terraces 
about 15 ft to 20 ft, above sea-level are common towards the mouths 
of most of the streams, and should probably be correlated with raised 
beaches at that level which have been noted at various places around 
the coasts of Auckland by Smith (1881, pp . 403-410) and others. 

Henderson (1914; 1924, p. 580) believes that all shore-terraces 
not above 120 ft. in elevation above sea-level are due to com- 
paratively recent uplift subsequent to the submergence responsible 
for the characteristic drowned topography of North Auckland, but 
from evidence near Auckland it appears that the submergence was 
one of the most recent events, for although subsequent uplift has 
probably occurred, yet its magnitude does not exceed 5 ft. in numbers 
of instances, and it has followed the submergence so closely that the 
only wave-cut platforms developed and preserved are on exposed 
locations. 

Further facts from other sources are corroborative of this con- 
clusion. In the first place, the logs of bores put down by the Auckland 
Harbour Board, kindly shewn one of the writers by Mr. Hamer, 


*Mr C W. Firth, who is at work on an area east of Auckland City, 
has informed one of the writers that these oonclusions are precisely those 
he has come to from evidence near Beachlands, about li miles east of 
Auckland. 
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formerly Engineer to the Board, shew that broad sab-aqueons benches 
exist a few feet below low-water level, buried beneath marine filling, 
near the mouths of the various small streams which debouch on to 
the central waterfront from the low hills* on which Auckland City is 
Wit, whilst the former stream-channels are represented by deep 
narrow infilled troughs. This indicates that flood-plains were carved 
at this level prior to the submergence, and it is highly probable that 
these accord in period with that indicated, as has already been 
described, on the west shores of Shoal Bay. It is believed that the 
lava-flow constituting the “ Black Beef,” near Point Chevalier, which 
extends over half-way across the harbour towards Kauri Point, fol- 
lowed a trench dissecting one of these now-submerged flood-plains 
Again, Lucas Creek and numbers of small streams draining the 
plain-like lowlands near and north-west of Hobsonville are fringed 
by terraces of the 40 ft. cycle, whilst they have relatively wide deep 
trenches which are now largely infilled by mangrove swamp and 
other sedimentary filling. As will be shewn, the same fact applies 
to Kauri Gully on the west coast of Shoal Bay, and it is inconceivable 
that such trenches have been excavated by the modem streams unless 
when the sea was at a much lower level than to-day. The terraces 
thus do not demonstrate uplift subsequent to submergence. 

Other supporting evidence comes from the lowlands fringing 
Manukau Harbour near Papatoetoe, which are built mainly of 
pumice-silts deposited in a great early estuary of the Waikato Eiver, 
and are surmounted here and there by more recent volcanic accumu- 
lations. Much of the lowland does not exceed 40 ft. in altitude. It is 
bordered east of Papatoetoe by hills eroded from Tertiary rocks and 
drained by streams which often are margined near their debouchure 
by flights of terraces which are continued on to the lowland areas. 
Had sub-Recent uplift subsequent to the negative movement now 
discussed been general, it seems inevitable that marine terraces, in 
common with others ascribed to such uplift, should be recognizable 
somewhere in the vicinity of those due to the streams. Yet abandoned 
sea-cliffs or other signs of shore-line processes have not yet been 
recognised in that district, although it has been closely examined. 

According to the views of the present writers, a considerable 
and rapid elevation took place as a culmination of the interrupted 
positive movement just described, and the streams deeply entrenched 
themselves in their flood-plains. Its rapidity is evidenced by the 
steep walls of the many narrow valleys browned by succeeding sub- 
mergence, and now largely filled up to sea-level by fine-textured sedi- 
ment. This latter negative movement was apparently of a eustatic 
kind, for it has affected the greater part of New Zealand, if not the 
whole, and gave rise to highly-embayed coastlines illustrated by 
Waitemata Harbour, and the tidal estuaries of Okura, Weiti, Orewa, 
and other streams of the district described in this paper. As can be 
judged from preceding statements, its magnitude was slightly greater 
than that of the culminating pha^ of uplift it followed. 

It is difficult to make an exact quantitative ^timate of the ver- 
tical movement involved, for recemstruetion of the cross-profile of 
drowned valleys furnishes inexact data, and indicates only that it 
may well be bf the order of 150 ft. or 200 ft., a figure which Hender- 
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son (1924) shews is the minimum demanded by facts in other parts 
of New Zealand. Henderson (1924) summarises many observations 
dealing with the depth of deposits in various depressed areas, but in 
many of these instances tlfe filling was initiated, if not completed, 
long prior to the submergence now under consideration, so that the 
data have little bearing on the present problem. 

Since the submergence was completed waves have been actively 
cutting back the more exposed portions of the coast, while sheltered 
bays have been partially filled by the progradation of crescentic 
pocket-beaches and by the creation of barrier-beaches behind which 
lagoon-deposits have accumulated. In Shoal Bay barrier-beaches of 
this type have been built on a perfect though miniature scale, and 
are now receding, exposing lagoon-deposits of mud on their seaward 
face. Curved spits are also prominent near the mouth of Weiti 
Estuary and other larger embayments. 

Cliff-recession has been excessive along the northern coast of 
Whangaparaoa Peninsula, which is exposed to the full force of north- 
east gales, as may be guaged from the fact that at the head of Maori 
Bay the divide has been driven back at least a mile from its original 
position (estimated by reconstruction of the symmetrical divide usual 
in areas of Waitemata rocks), until all that remains is a strip of 
sandstone 10 yds. wide and only about 15 ft. above sea-level. Simi- 
larly, in the neighbourhood of Murray and Brown Bays on the east 
coast of the district, the proximity of the present divide to the shore 
suggests that here too wave erosion has been very active. 

It has been stated that the final diastrophic movement in the 
decipherable history of the Takapuna-Silverdale area is a sub-Recent 
elevation of about 5 ft. This is evidenced by raised beaches at this 
height above storm-beach level at intervals between Takapuna Beach 
and Okura South Head, whilst just south of this latter locality 
cemented shore-conglomerates with rounded boulders of Waitemata 
sandstone are exposed at the mouth of two small streams at about 
3 ft, or 4 ft. above high-water mark. At Black Bock, also, between 
Takapuna and Milford Beaches, there is an elevated shore-platform of 
basaltic lava, associated with raised beach deposits and abandoned 
sea-cliffs (Fig. 19), whilst similar ancient sea-cliffs of soft Tertiary 
sandstone occur also at the south end of Long Bay (Fig. 20), six 
miles further north. These cliffs and platforms have been so little 
affected by sub-aerial erosion that they testify clearly to the recent 
date of this final minor elevation. 

For convenience of reference the sequence of events which have 
moulded the present topography may be summarized thus: — 

(1) . Main uplift of the Kaikoura orogeny. 

(2) . Peneplanation. 

(3) . Uplift, varied by at least one minor oscillatory movement 

in the reverse direction, and punctuated by periods of 
approximately constant sea-level which are represented 
by:— 

(a) . 350 ft.’^ erosion surface. 

(b) . 100 ft. to 120 ft.’’ erosion surface. 

(c) . 40 ft. to 60 ft.” erosion surface. A slight nega- 

tive movement of the strand immediately pre- 
ceded this standstill. 
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(d). 20 ft. to (t) -10 ft. erosion surfaces represented 
by 20 ft. terraces and, as a later product, by 
now-submerged platforms. 

(4) . Acute elevation represented by trenches now drowned. 

(5) . Submergence followed by small sub-Recent uplift. 

The Later Hktory of Wairau Basin. 

In the Takapuna-Shoal Bay area there are numerous localities 
where white silts or clays (often capped by a carbonaceous layer 6 ins. 
or more in depth) occur usually at a foot or two above high-water 
level, preserved beneath basaltic flows or tuffs. The chief exposures 
are on the west shore of Shoal Bay, just east of the southern caldera 
of that district, and on the outer margins of the Lake Pupukc cone, 
as along the shore between Takapuna and Milford Beaches (Fig. 18) 
and in artificial excavations such as a shaft sunk in search of water 
in Wairau Valley north-west of the lake, and several quarries west 
and south of it. 

The silts generally are very fine-grained and plastic, and contain 
impressions of sedge-like plants along with stumps and fallen 
branches of coniferous and other trees up to 10 ins. in diameter. The 
latter are seen in the position of growth, as they were overwhelmed 
by the lava, at the north end of Takapuna Beach, and in a quarry 
at the head of Shoal Bay near the Orphanage. In the latter place 
what are believed to be the silts are higher above sea-level than else- 
where, reaching an elevation of about 12 ft., and it is possible that 
here they represent, not bedded silts, but ancient residual clays 
derived from Waitemata sandstones such as form a small peninsula 
immediately east of the quarry. In quarries on the west margin of 
Lake Pupuke these beds have been invaded and disordered by lavas 
which have baked them into white porcellanite ; this generally shews 
perfect prismatic jointing in addition to less regular shrinkage cracks 
(Fig. 17). Along the shore between Takapuna and Milford Beaches 
the silt is usually followed upwards by a thin layer, about 1 ft. in 
depth, of fragmental volcanic material erupted prior to the outpour- 
ing of covering lavas. At one spot, however, it is overlain by a base- 
ment conglomerate beneath the lavas consisting of well-rounded 
pebbles and boulders up to 6 ins. in diameter essentially of basalt, 
which appears, from its relatively non-vesicular character, to have 
been worn from a flow, but including also an occasional pebble of 
greywacke. The conglomerate is at a height of about 1 ft above 
high-water mark, and represents an ancient beach formed of debris 
worn from early products of the adjacent eruption. It has especial 
interest in that it diews that the silts were exposed to vigorous wave- 
erosion either when volcanic activity commenced, or shortly after 
this; upon them a very gently-shelving cut-platform must have been 
developed in the protection of adjacent headlands of recently out- 
poured resistant volcanic rock. 

The greywacke pebble probably represents a fragment from 
underlying beds brought up by the eruption, though it may conceiv- 
ably have been carried to the area entangled in drift-wood. Amongst 
the ejecta of the southern of the two Shoal Bay volcanoes, occasional 
polished and rounded pebbles of the same Trias-Jura rock are dis- 
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coverable ; the readiest explanation of their presence is that they have 
been disrupted from underlying Tertiary conglomerates such as out- 
crop at the base of the Waitemata Series at Motutapu, about 9 miles 
north-east of Takapuna. 

In reconstructing the topographic conditions which obtained 
when the pre-volcanic silts described were accumulating, it is neces- 
sary first to consider certain features of the present topography. It 
will be recollected that the aggraded floor of Wairau Valley has a 
southern arm which is almost continuous with a plain, built of vol- 
canic tuff, which extends north-west from the head of Shoal Bay at 
approximately 40 ft. above sea-level, and is separated by an imper- 
ceptible divide from water flowing north to Wairau ‘Stream. From 
this Shoal Bay-Wairau Plain, Wairau Stream turns sharply at right 
angles, following the contact between the low-lying volcanic accumu- 
lations and elevated Tertiary hills north-west of them in a north- 
east direction to the sea. Half a mile from the open sea it is held up 
by a barrier of hard basalt, through which its falls have receded a 
comparatively short distance, whilst its upper reaches are graded 
with respect to this local base-level. 

The various facts suggest that in Pleistocene times, before the 
volcanic outbursts had begun, and whilst the sea was within a few feet 
of its present level, the ancestral Wairau Stream flowed south into 
a wide shallow estuary of which Shoal Bay now represents the 
diminished remnant. Sedimentation in this sheltered sheet of water 
built up deposits which locally arose above sea-level and furnished 
dry land on which coniferous trees (some of which appear to have 
been kauri) and other vegetation flourished. 

The south-east barrier of this estuary is preserved as the Taka- 
puna-Devonport peninsula of Tertiary rocks, but the barrier east of 
Pupuke crater has disappeared beneath the sea. This may have been 
an isthmus of Tertiary sandstone destroyed during the vigorous retro- 
gression which has affected the adjacent coast, or perhaps a wave- 
built accumulation in the form of a tombolo uniting islands of the 
Takapuna-Devonport peninsula with the mainland north of Milford, 
for to-day a similar tombolo unites the former island of Devonport 
with Takapuna at Narrowneck. Whether isthmus or tombolo, how- 
ever, the connection has been shewn to have been destroyed by shore- 
line retrogression prior to the main period of eruption of Pupuke 
crater. 

Volcanic lavas and ejecta subsequently covered these soft 
estuarine silts and allowed their preservation; at the same time they 
temporarily ponded Wairau Stream, and ultimately allowed its diver- 
sion to the north-east. The continuation of the level of Wairau Plain 
as an erosion-level on the north-western margin of Shoal Bay, which 
has been mentioned earlier, indicates that Wairau Stream continued 
its ancestral course for some considerable time during a period when 
sea-level remained approximately 30 ft. higher than now, but was 
finally captured by a small stream working headward from the 
eastern coast of the area along the contact between volcanic and 
Tertiary beds. 

Certain evidence points clearly to the fact that the deposition of 
the estuarine silts and the volcanic eruptions preceded the phase of 
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major submergence of Auckland Province. This is furnished best by 
Kauri Gully, a small stream flowing from the west into Shoal Bay 
at the breach in the rim of the southern crater. Its valley is rela- 
tively straight and wide, and has been rejuvenated so as to be 
characterized by very steep walls in its lower portion. These steep 
and lofty walls are carved alike from Tertiary sandstones and 
volcanic ejecta, and descend uninterruptedly to disappear beneath a 
flat floor covered by the deep muds of a mangrove swamp. Conditions 
are such that wave-erosion cannot be considered as a factor in the 
development of these slopes, and it appears impossible to ascribe 
them, in conjunction with the considerable width of the floor of the 
valley, to the work of so small a stream as Kauri Gully if controlled 
by a base-level approximately that of to-day. The deduction there- 
fore seems inevitable that a V-like valley was excavated during a 
phase of acute elevation which succeeded the ejection of the volcanic 
debris, and was followed by submergence which caused the drowning 
of the narrow trough. Corroborative evidence is yielded by the lower 
portion of Wairau Valley, where a similar wide trench has been 
carved below sea-level partly in lava from the neighbouring volcano, 
subsequently submerged and then largely infilled by estuarine sedi- 
ments. 

It has been shewn that there is doubt as to whether the ancient 
Wairau Estuary originated just prior to the development of the 
40 ft. to 60 ft. erosion surface (Stage 3c of the summary in the last 
Section) or later. The writers have already detailed their reasons 
for suggesting that its origin should be referred to this earlier rather 
than to the later stage, and here wish merely to enlarge on the alter- 
native possibility that arises if these reasons are set aside. This 
possibility is that the Lower Wairau Estuary came into existence 
during the last phase (3d of an earlier Section) of the general uplift 
which followed post-Tertiary peneplanation, so that it Was approxi- 
mately synchronous in origin with the Kauri Gully flood-plain. This 
hypothesis has the merit of simplicity, for evidence has already been 
presented which demonstrates that extensive low-lying flood-plains, 
now largely submerged, were carved at that period in parts of the 
valley of the early Waitemata River. 


PETROGRAPHY. 

Ultrabasic and Associated Intrusive Rocks. 

As previously shewn, doleritic rocks with serpentines and asso- 
ciated ultrabasic types invade the Upper Cretaceous Onerahi strata. 
Bartrum (1924, pp, 150-152) has recognised and described from the 
adjoining Riverhead-Kaukapakapa district most of the types dis- 
covered in the pr^nt area, so that little detail is here necessary. 

Serpentines . — ^These are the prevailing type of rock, and have 
been derived from peridotites ranging from harzburgite to dunite. No 
unserpentinized remnants of the original minerals exist in any of the 
rocks encountered, though at Parakakau and elsewhere just north of 
the present district it is otherwise. 

Harzburgite-serpentine is the prevailing variety (Pig. 23), and 
by reduction in the quantity of baatite present grades into dunite- 
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serpentine. Picotite is by no means an infrequent accessory consti- 
tuent, though grains of chromite are rare; the former is especially 
plentiful in a coarse bastite-rich serpentine from Matthews’ quarry, 
3 miles south of Silverdale. Many of the serpentines have vcinlets 
of secondary chrysotile and sometimes of carbonates. 

A high degree of variation in facies may be displayed in the one 
relatively small intrusive mass, as has already been shewn by Bartrum 
{loc. cit.) for that at Parakakau. In the vicinity of Wainui Ceme- 
tery in Upper Orewa Valley, for example, whilst serpentinized dunite 
is the prevailing type, one specimen collected contains about 10 per 
cent, of partially-altered large crystals of diallage and enstatite set 
in the usual felted mass of serpentine, shewing that the rock of the 
intrusion is locally an olivine-rich Iherzolite. Other specimens from 
this intinision include vcinlets composed of finely-fibrous serpentine 
in very coarse-bladed crj/stals, and a rock described by Bartrum (loc. 
cit.) as consisting of chlorite with abundant sphene and epidote. The 
chlorite has the lattice-structure usually characteristic of antigorite, 
but is not this latter mineral, for it is optically positive and has 
negative elongation. Masses of chrysotile in bladed aggregates simi- 
lar to those at Wainui Cemetery occur also in the bastite serpentine 
of Matthews’ quarry, whilst, from this same type of rock at Major 
Jolly’s quarry 3^ miles west of Silverdale, two small nodules were 
collected, one of coarse-grained bastite, with a little serpentine pseu- 
domorphous after olivine, and the other of a fibrous chlorite in fairly 
large blade-like aggregates which appears to be clinochlore. 

An interesting rock was unearthed in ‘‘ serpentine ” in the 
valley of Kaitoke Creek east of Plat Top Mountain, 8 miles north- 
west of Silverdale, in the area already described by Bartrum (1924). 
Some unusual alteration has affected the chief constituent of the 
rock, causing it to be so reduced in translucency that its polarization- 
tints are almost obscured in most parts of the slice examined. This 
constituent appears to be olivine in long prisms arranged in coarse 
radial aggregates, though the application of decisive optical tests 
proved impracticable. When not in radial prisms the mineral shews 
its normal alteration to serpentine with the usual mesh-structure, 
whilst a felt of small tufts of serpentine invades the radiate material 
and appears to be its alteration-product. Bastite is present in mod- 
erate quantity amidst such serpentine, though not in intimate associa- 
tion with the radial olivine. 

An unusual rock was given the authors by Mr. II. T. Ferrar of 
the New Zealand Geological Survey, and is said to outcrop outside the 
present area near the junction of Kaukapakapa-Silverdale and 
Kaukapakapa-Parakakau roads. This is a pyroxenite composed dom- 
inantly of enstatite in crystals about 4 mm. to 5 mm. in average dia- 
meter, and in common with other constituents almost unaffected by 
alteration. Besides the enstatite there is a minutely lamellar fibrous 
pyroxene which docs not lend itself to exact microscopic determina- 
tion, but appears to be diallage rather than an intergrowth of ortho- 
rhombic and monoelinic varieties. Slightly serpentinized subsidiary 
olivine is entangled in the interstices between the larger crystals; it 
is rarely enclosed in the latter. Narrow strings of serpentine pene- 
trate the pyroxene, whilst a little secondary pyrite is also present. 
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The effect of pressure is seen in the granulation of the margins of 
some of the crystals and bending of the lamellae of the monoclinie 
pyroxene. 

Anorthosite, — The writers are again indebted to Mr. H. T. Pcrrar 
for a chip of an anorthosite which was collected from boulders at 
Davidson's farm, a few miles west of Silverdale, and consists of 
predominant anorthite enwrapped ophitically by a small quantity of 
intei*stitial diallage, but contains also large crystals of what appears 
to be enstatite deeply oxidized and stained by haematite. 

Dolerites and Associated Rocks. — ^Bartrum (1920a, p. 420; 1924, 
p 152) has already described a dolcrite from the swinging basin 
at Silverdale and an epidiorite and a dolerite from Upper Orewa. 
Additional occurrences include boulders of epidiorite, similar to that 
from Upper Orewa, at Davidson ''s farm west of Silverdale, and of 
dolerites and other somewhat less basic intrusive rocks, along with 
lavas, at Orewa Heads. 

One coarse holocrystalline dolerite is very different in facies from 
any other rock of the area. It is not ophitic, but contains very 
abundunt idiomorphic pyroxene and brown barkevicitie amphibole, 
which are enclosed by coarse plates of plagioclase, along with a mod- 
erate quantity of very coarse ilmenite, often in typical skeleton 
crystals, a little more or less chloritized intensely absorptive brown 
biotite, and very numerous long needles of apatite. Chlorite is mod- 
erately plentiful. The pyroxene is a strongly titaniferous variety, 
and occurs in stout crystals usually about 1.5 mm. in length, but as 
much as 6 mm. The barkevicite is sometimes enclosed by the augite, 
but more often enwraps this latter, occasionally being outgrown upon 
it. Its pleochroism varies from brownish-yellow to deep reddish- 
brown, and its extinction angle is 17°. The variety of plagioclase 
was not determined with certainty, though it is at least as basic as 
acid labradorite. It is considerably weathered, and in places is 
replaced by calcite and an isotropic mineral which is identified as 
analcite. The latter was at first suspected to be opal, but was not 
dissolved upon treatment with caustic potash, whilst it gelatinized 
with hydrochloric and nitric acids, yielding cubes of salt only with 
the former. It generally occurs as small irregular patches in the 
feldspar, but larger masses as much as 3 mm. in diameter were also 
observed. 

Others of the Orewa boulders furnish a considerably crushed 
coarsely crystalline quartz-augite porphyrite, or possibly dolerite, for 
the variety of plagioclase was not precisely determinable, and in 
uncrushed remnants the long laths of this latter mineral are ophiti- 
cally related to pseudomorphs after augite. Quartz is not infrequent 
in fairly large crystals, whilst there are a few unaltered flakes of 
brown biotite. Generally, however, this last mineral has been con- 
verted to scales of chlorite, which forms some conspicuous irregular 
foliae. Apatite is in moderate quantity in very long needles, whilst 
ilmenite is common usually in string-like aggregates. The augite is 
an almost colourless variety, and now is largely represented by cal- 
cite with a little chlorite. It is somewhat subordinate in amount to 
the plagioclase, which is not less basic than medium labradorite. 
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A further rock represented in the Orewa Heads boulders 
appears to be a feldspathic porphyrite, with not more than 15 per 
cent, of partially-chloritized almost colourless augite, plentiful coan^ 
ilmenite and numerous tiny prisms of apatite. Secondary calcite is 
very abundunt, usually in fairly large nests. The plagioclase is 
weathered and could not be determined with exactness. It seems to 
be a variety approximating acid andesine, and is in large unoriented 
laths about 0.7 mm. in length. 

Several andesitic lavas were recognized in the Orewa d6bris. 
They are coarsely amygdaloidal, some of the amygdules exceeding 
6 mm. in diameter. Advanced weathering again militates against 
their precise determination. 

One type is an aphyric mass of irregularly-disposed laths of 
plagioclase ( ? basic andesine), generally less than 0.1 mm. in length, 
sub-ophitically entangling about 10 i)er cent, to 15 per cent, of pale 
greyish-green augite and enclosing about 7 per cent, of iron-ore 
(largely magnetite). The plagioclase is generally repjlaced internally 
by an isotropic material resembling opal, and by a little calcite. 

Another amygdaloidal lava has a very open-textured lattice of 
laths of acid labradorite about 0.2 mm. in length, with abundant 
chlorite between the laths, and a considerable number of small 
jjseudomorphs of haematite, chlorite and sometimes calcite, apparently 
after olivine. The laths of plagioclase have been eonsiderably bent by 
pressure. In this, as in the other lava, the amygdules are filled by 
calcite erystallized upon an early thin lining of chlorite. 

Inclusions in the Serpentine of Fisherman Creek . — In an outcrop 
of serpentine exposed in a small quarry at the head of Fisherman 
Creek, on the east side of the main south road, about miles south 
of Silverdalc, there are several interesting inclusions of greywacke, 
schist, dolerite, and probably other t3T)es of igneous rocks. 

The only igneous rock sectioned is a moderately fine-textured 
dolerite (Pig. 21) with somewhat lath-shaped crystals of plagioclase 
(basic labradorite) ophitically enwrapped by about 40 per cent, of 
pale-grey augite, which occasionally shows incipient uralitization. 
Iron-ore (ilmenite) is in small amount. 

The schist (Fig. 22) is composed essentially of narrow bands 
rich alternately in plagioclase and diopside, along with foliae con- 
sisting of streaked-out porphyroblasts of brown hornblende. The 
plagioclase is andesine-labradorite, and usually shows albite twin 
lamelke; it forms a mosaic with grains of diopside a-od is consider- 
ably in excess of this latter. The grain-size is variable laterally, but 
in coai'ser portions is about 0.04 mm. in diameter. There are some 
serpentine and carbonate pseudomorphs after olivine, along with 
ramifying strings of serpentine, which probably represent injected 
pcridotitic material. In addition, a single porphyroblast of almost 
colourless diopside was noted; it appears as if it is intergrown writh 
tiny fiakes of brown hornblende, but the true relationships between 
the two minerals could not be determined. Pyrite is plentiful in 
association with the amphibole; this latter is only sparsely pnasent 
in the general mosaic of the schist. Sieve-structure, which is so gen- 
eral in similar metamorphic rocks, is absent. 
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Albany Conglomerates . — ^The petrography of the Alban^v con- 
glomerates has already been described by Bartrum (1920; 1924) ; no 
i’resh types have been added during the present investigation. 

Basalt from Whnngaparaoa . — ^As noted in an earlier section, a 
basalt was found as a large mass involved in acute dislocations of 
Tertiary (Waitemata) strata at Whangaparaoa. It is possibly a con- 
siderably altered representative of a basalt, said to be from Silver- 
dale, described by Sollas and McKay (1906, p. 158). 

The basalt (Fig. 241 is characterized by a moderate number of 
rather small pherocrysts of faintly pleochroic titaniferous augite, 
which are enclosed by a highly-feldspatluc matrix of basic plagio- 
clasc (labradoritt‘-byto>vnitol, pinkish titaniferous augite and a 
moderate quantity of magnetite. The augite is generally in idiomor- 
jihic crystals shewing liour-glass structure. Calcite and chloritt* arc 
abundant secondary products. The olivine is usually icprescntcd b\ 
pseudomorphs of pleochroic green to almost colourless fibres or 
cleaved plates of iddingsite, with a little calcite. 

Igneous Rocks of the Parnell Grit. — A& has previously been 
noted by Fox (lb02) and Mulgan (1902), the fragiueiits of volcanic 
rock which constitutes a large portion of the Parnell Grit are nearly 
all andesites, though trachyte has been described by Bartiu’u {19J7). 

The andesites are typically porphyritic with large phenocrjsts 
of i)lagioclase and often of augite or hypersthenc set in a ground- 
mass of laths of plagioclase, granules of pyroxene and ixraiiis of 
magnetite. A litrlc olivine has been noted in a type described by 
Bartrum (1917). 

Pleistocene BasaHs . — The basalts from Lake Pupukc (Fig. 26; 
are holocrystallme rocks with numerous phcnocrysts of olivine set in 
a groundmass consisting of plagioclase, titaniferous augite and about 
1 per cent, of ilnienite, the plagioclase (medium labradorite) being 
111 decided excess of tlie other constituents. The grain-size is n little 
variable, thougii relatively coarse, for the laths of feldspar generally 
average about 0.2 mm. in length. Pluxional arrangement of these 
latter is not infrequent. The olivine is usually in small sub-idmmoi*- 
I»hic ciystals, though in occasional flows crystals as much as 3 mm. 
and more in diameter are prominent. 

On the west side of the lake the lava sometimes has drusy nests 
of coavgcly holoeryslallinc material (Pig. 25), perhaps owing it‘ 
<oarseTiess of grain to accumulated volatile constituents. Sharp, 
elongated though small prisms of pyroxene, and occasionally olivine, 
project into the tiny druses. The pyroxene is a titaniferous variety’ 
with the usual hour-glass structure, and is subordinate to the plasrio 
clase. It is somotinies bordered by aegirine-augite, of which there 
are also occasional isolated crystals. Olivine is not plentiful, but 
ilmenite is prominent in characteristic skeleton ciystals along with 
long needles of apatite. Eadial aragonite is sometimes found as a 
filling of vesicles of the associated lavas. 

A slide of vesicular material from the southern of the two Shoal 
Bay craters shows a dense, largely glassy matrix crowded with rod- 
like crystallites, Inrtis and prisms of plagioclase and pyroxene in 
small number and a moderate quantity of iron-ore (t magnetite). 
Irregularly-shaped phenoerj^sts of olivine of varied size are common^ 



900 


Transactions. 


whilst titaniferous augite is fairly plentiful, usually in small pris- 
matic phenocrysts, though sometimes in large irregular crystals. 
The olivine has frequently been resorbed at the margins, yielding 
place to granular pyroxene, which occasionally forms definite out- 
growths upon the enclosed mineral. One large crystal of augite 
about I in. in diameter was picked out of the debris of the cone, and 
on sectioning showed similar reaction-zones developed from (^closed 
olivine. 

In quarries on the west margin of Lake Pupuke nodules of 
olivine up to 1^ m, in diameter are plentiful amidst the lapilli. An 
analysis of the mineral is published below by kind permission of 
Dr. J. Hender<?on, Director of N.Z. Geological Survey. 


Analysis. 


SiO, 

41.53 

A1,0, 

0.42 

FCaO, 

0.10 

FeO 

8.51 

MgO 

47.33 

OaO 

0.31 

Na^O 

0.11 

KaO 

nil. 

H.O-f 

0.24 

H^O— 

0.21 

CO.. 

nil. 

TiO', 

0.08 

PaOs 

trace 

VaOa 

ml. 

s 

0.02 


0.20 

NiO 

0.44 

CoO 

0.05 

MnO 

0.15 

SrO 

nil. 

BaO 

nil. 


99.70 


(Analysis of ohvino from nodules in Takapuna Borough quarry 
near the junction of Tauroto and Northcote roads, west margin of 
Pupuke Lake, Takapuna. Analj’^st, P. T. Seelyc.) 
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Tertiary MoUuscan Fauna of Chatton, Southland* 


By J- Marwick^ M.A., D.Sc. 


lAbstract read, by permUHon of the Director of the N.Z. Geological Survey, 
before the Wellington Philosophical Society, 28th November, 1928; received 
by Editor, 29th November, 1928; issued separately, 

25th March, 1929.'}i 

The object of this paper is primarily a description of the molluscan 
fauna of CJhatton, eight miles north of Gore, Southland. Field- 
occurrences and stratigraphical relations are not discussed as such 
a course would have entailed further delay of a paper promised long 
ago. 

The material belongs to two collections. One was made as far 
back as 1913 by Mr. R. A. W. Sutherland, now of Wanganui, and 
was kindly donated by him to the Geological Survey about six years 
ago in the hope that it would be critically examined. ’ Work has 
proceeded intermittently on the material as opportunity offered, and 
the present paper is largely a result of that work. 

In 1925 the late Dr. J. Allan Thomson lent to the Geological 
Survey a large collection gathered by Mr. E. M. Christie, of Gore, 
who has since then added to his original material. My sincere thanks 
are due to these gentlemen for providing facilities to describe such 
an interesting molluscan fauna. The Dominion Museum specimens 
were prepared by Miss M. Mestayer with great care, and thus were 
preserved many fragile specimens which would otherwise have been 
lost. 

To clear the ground for discussion of the affinities and age- 
equivalents of the Chatton fossils it is necessary to discuss Suter’s 
record of 29 per cent, of Recent species. Suter's list (1921, p. 95) 
was prepared from Mr. Sutherland’s collection, and most of the 
manuscript labels are preserved, so that practically all of the indenti- 
fications can be checked. 

It will be seen from the comparative list given below that the 
fesults of the re-survey are very different from the original. Suter’s 
conception of fossil species was vague and inconsistent, so that his 
groups are in general far too wide to be of practical significance. 
The palaeontological evidence cited by Dr. Marshall (1917, p. 460, 
p. 465) is therefore badly based, though the Oligocene age allotted 
to the Chatton beds by him is probably correct. 

Accurate correlation of the Chatton sands with other fossilif erous 
deposits of New Zealand is difficult because of the very large propor- 
tion of new species. The assemblage of genera, however, agrees much 
more closely with that of middle Tertiary faunas ( Ototaran 
4o Awamoan) than with early Tertiary ones. This might be claimed 
to be the result of environment rather than time; but the complete 
absence of archaic or older Tertiary elements such as Monalaria, 
SpeigKtia^ A^rrhaidae, and Avellanidae, definitely rules out the 
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Bortonian and Tahuian stages. The Waiarekan is known only from 
a relatively small fauna which lived in a somewhat unusual environ- 
ment, for the fossils occur in the fine tuffaceous calcareous matrix 
of a coarse igneous conglomerate. The presence of Spirocolpus 
tophina (Marw.) at both Lome and Chatton is the only strong 
connecting link between the two faunas. 

Although the generic constitution agrees well with the Awamoan, 
the consistent differences in related species demand a considerable 
lapse of time for their development. The absence of such character- 
istic Awamoan species as Limopsis zealandica Hutton, Turritella 
(Maoricolpus) cavershamensis Harris, Nassarius socialis (Hutton), 
Comitas fusiformis (Hutton) is also noteworthy. 

Dr. Finlay (1924, p. 534) has already shown from the rich 
faunas secured by him at Clifden, Southland, that the period of 
time between the Waiarekan and Awamoan stages, represented by 
Thomson's Ototaran and Hutchinsonian, was of relatively long dura- 
tion. It is to the earlier part of this period, i.e., to the Ototaran, 
that the Clifden fauna probably belongs. Finlay (1924, p. 535) has 
also correctly drawn attention to the close resemblance of the Chatton 
fauna to that of the Wharekuri greensand. Many of the common 
species at both localities are strikingly similar, but yet show important 
differences of detail. These are differences which may be due to 
environment, although the time factor has not yet been disposed of. 


Revised list of Chatton Mollusca. 
(Suter’s identifications on the right.) 


Nucula tersior n. sp. 

NuenJa vestigia n. sp. 

Nuculana prohellula n. sp. 
Cucidlaea worthingtoni Hutt. 
Glycymeris fJiomsoni n. sp. 
Limopsis parma n. sp. 

Anomia n. sp. 

Ostrea wollastoni Fin. 
Cyclopecten compitum n. sp. 
Spissatella poroleda Fin. 
Chattonia animula n. gen. et sp. 
Venericardia christiei n. sp. 
Venericardia pseutella n. sp. 
Yenericardia caelehs n. sp. 
Venericardia prolutea n. sp. 
Eulopia staminifera n. sp. 
Gonimyrtea bucculmta n. sp. 
Maoritellina imbellica n. sp. 
Solecurtxis chattonensis Fin. 

Gari n. sp. 

^Scalpomactra cf. scalpellum 
(Reeve) . 

Zenatia sp. 

Paradione cf. parhi Marw. 


Nucula hartvigiana 
Nucula 11 . sp. 


Glycymeris suhglobosa. 


Crassatellites obesus, 

V. ponderosa, 

F. pseutes, 

F. difficilis. 


Erycinaf 
Psammobia n. sp. 


MacrocaiUsta mulHstriata. 
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Dosinia sodalis n. sp. 

Dosinia imperiosa n. sp. 

Kuia cl vellicata (Hutt.) juve- 
nile. 

Turia chattonensis Marw. 

Bassina speighti (Sut.) 

Corhula canalicviata Hutt. 

Corbula pumila Hutt. Corhula pumila, 

^Nemocardium aff. pulchellum 
(Reeve). 

Pholadidea increnata n. sp. 

Myadora delta n. sp. 

xiniisolarium vixincisum n. sp Holariella n. sp. 

Elachorlns duplicarina n. sp, Circulus n. sp. 

Spirocoljms tophina (Marw.) 

^ ^ « r Turritella cavershamensis. 

Zedcolpus chattonensis n. sp | concava. 

Mesalia striolata (Hutt.) Mesalia striolata, 

Siruthiolaria suhfipinosa Marw. 

Zefallacia chattonensis n. sp Nerinea n. sp. 

Pyrazus sutherlandi n. sp. Batillaria pomahal'cnsis, 

Crepiduln costata, 

Maoncrypta salcbrosa ii. sp. Cn pidula grcgaria sub sp. nov. 

Sinum formcatum, 

Higapaiella mapalia n. sp. Calyptraea tenuis 

Cochlis notocenica (Fin.) Natka zelandka. 

Cochlis consoriis (Fin.) 

Polmiccs huttoni v. Iher. 

Poliniccs chattonensis (Marw.) 

Polinices el lohatus (Marw.) 

Poliniccs inccrtus (Marw.) 

Polinices blaesus n. s]). 

Magnaiica sutherlandi (Marw.) 

Cirsotrema cl lyratum (Zitt.) Epii&nium hjratum. 
fragment. 

Notacirsa n. sp. Turbonilla prisca, 

Odostomda alexanderi n. sp, Odostomia bembix. 

Syrnola wallacei n. sp. 
i^yrnola aclyformis n. sp. 

Turbonilla chattonensis ii. sp. Turbonilla zealandica. 
Proximitra incisula n. sp. 

Cominella {Cominista) chatton- ComineUa n. sp. 
ensis (Fin.) 

Austrofusus precursor Fin. Siphonalia nodosa. 

Xynxenella inambitiosa n. sp. 

Trigonostoma christiei Pin. 

Baryspira robusta (Marw.) 

Baryspira electa n. sp. AnciUa papiUata. 

Erato marshcMi n, sp. 

Metamelon inermis (Pin.) Mitra n. sp. 

AustrodrilUa cinctuta n. sp. 

Atistrotoma inaequahUis n, sp. 
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Terebra n, sp. 
Acteon n. sp. 
Ringicnla uniplicata. 

Dentalium solidum. 


Anstroioma toreuma n. sp. 

Phenatoma (Cryptofnella) crassi- 
spiralis n. sp. 

Acuminia transitorsa n, sp. 

Acurninia suteri n. sp. 

Acteon chattonensis n. sp. 

Ringicula castigata n. sp. 

BvUineUa enysi (Hutt.) 

Dentalium solidum Hutt. 

Rhyssoplax aUan-thomsom Mes- 
tayer. 

The following species listed by Suter are not included above, 
for the reasons given in each ease: Cardium sp. fragments; Corbula 
zelandica much too worn for identification but belonging to same 
group; Cuna sp., Cyamiomactra sp., both young Venerids; Marginella 
conica, specimen smashed; Modiolus australis, not seen; Odostomia 
sherriffi, apex of young shell, indeterminable ; Pecten hutchinsoni not 
seen; Siphonalia valedicta indeterminable fragment; Trophon sp.? 
fragments of Turrid and another shell not generically located. 

The Recent species Scalpomactra scalpellum is doubtful. More 
specimens are required to show whether they are to be separated as a 
distinct species or not. 


Genus nucula Lamarck, 1799. 

Type : Area nucleus Linne. 

Nucula tersior n. sp. (Pigs, 4, 6.) 

Shell small, fragile, ovate; beaks prominent, about posterior 
sixth. Posterior end regularly convex; anterior end narrowly 
rounded, dorsal margin descending rapidly in moderate curve. 
Lunule not defined apart from increased curvature of disc. 
Escutcheon slightly bulging the outline, its outer margin defined 
by weak depression. Sculpture of low, bevelled, concentric ridges 
becoming obsolete over central part of disc which is smooth and 
shining; traces of fine radial threads appear in some of the inter- 
spaces. Hinge with about eleven anterior and five posterior teeth. 
Resilifer but little projecting. Valve-margins finely, regulaialy crenu- 
lated. 

Holotype in collection of N.Z. Geological Survey. 

Height, 2.5 mm. ; length, 2.6 mm. 

Suter identified this shell with N. hartvigiana Pfr. to which it 
is probably ancestral. The differences in the fossil, however, easily 
warrant specific recognition, e.g., much smaller size, mor^ regularly 
rounded posterior end, fewer hinge teeth, broader b^^. 

Nucula vestigia n. sp. (Pigs. 1, 3.) 

Shell small, ovate; beaks high, about posterior fourth. Lunvde 
not well defined ; escutdkeon broad, bounded by low ridge. Sculpture 
of fine radial riblets, crossed by irregular, interlocking ridges in the 
spaces between which are the radials. Towards margin fairly regulair» 
sharp, concentric ridges occur. Hinge strong, with about 11 anterior 
and 7 posterior teeth. Internal margin finely, regplariy o(renulated*. 
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Holotype in collection of N.Z, Geological Survey. 

Height, 3.5 nun.; length, 3.5 nun.; inflation, 1.2 mm. 

The irregular criss-cross sculpture resembles that of N. sagittata 
Suter on which it appears only on the lunule. 

Genus nuculana Link, 1807. 

Type: Area rostrata Linne. 

Noculana probellola n. sp. (Figs. 2, 5.) 

This shell is, in all probabiUty, on the direct ancestral line of 
N. bellula (A. Adams) from which it differs in being less produced 
posteriorly. Further, the hinge is heavier and the escutcheon is 
more concave and has the concentric grooves reaching about half 
way across it. Young specimens are relatively more attenuated and 
approach but do not coincide with N. heUvXa. The hinge, however, 
is always rather longer and deeper. The sculpture of both species 
is of practically the same gauge, namely 6 or 7 grooves per mm. 
From N. belluloides Allan the Chatton shell is distinguished by 
the narrower posterior and more concave escutcheon. 

Holotype in Dominion Museum. 

Height, 4 mm.; length, 7 mm.; inflation (1 valve), 1.8 mm. 

Genus cucuiitiAEA Lamarck, 1801. 

Type : CucuUaea auricuUfera Lamk. 

Cttcullaea worthingtoni Hutton. 

1873. CucuUaea worthingtoni Hutton, Cat. Tert. Moll., p. 27. 
1873. CucuUaea attenuata Hutton, Cat. Tert, Moll., p. 28. 

1914. CucuUaea worthingtoni Hutton: Suter, N.Z. Geol. Surv. 
Pal. BuU. 2, p. 37, pi. 6, Figs. 1, a, b, 

1915. CucuUaea attenuata Hutton: Suter, N.Z. Geol. Surv. 
Pal. Bull. 3, p. 49, pi. 2, Figs. 1, a, b. 

Young shells only, and so of uncertain specific position. They 
resemble Suter ’s figure (1915, p. 48, pi. 6, fig. 20) of Macrodon 
(Cucullaria) australis Hutton, which Suter rightly classed as Cucul- 
laea, bi4 which he accepted as an adult, whereas in all probability 
it is a young shell of C. worthingtoni or a closely-related species. 
In any revision of New Zealand Tertiary species CucuUaea daUi 
colona V. Ihering (1907, p. 93) ^ould not be overlooked. At present 
it is impossible to recognize this spedes as no locality and no figure 
were given by von Ihering. 

Genus oiiYCyheris Da Costa, 1778. 

Type: Area glycymeris LinnA 

CHycymeiis thomsoni n. sp. (Figs. 18, 21.) 

Shell large and strong, oval, infiiated. Anterior margin almost 
regularly convex, dorsal part slightly drawn up. Posterior margin 
subangled near middle by strong ridge running from umbo. 
Sculpture of about fifty low almost flat radial ribs with very narrow 
interspaces, tilw of posterior noticeably narrower, fairly wide space 
near both anterior and posterior dorsal margins &ee of these ra(£alB. 
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Whole surface with traces of radial threads, five or six per rib. 
Ligamental area broad, about half length of shell, with five weak, 
fairly close, incised chevrons. Hinge-teeth, about four posterior and 
four anterior fully developed, rest invaded by ligamental area, and 
almost obliterated. Valve-margins crenulated. 

Holotype in Dominion Museum. 

Height, 81 mm.; length, 87 mm.; inflation (1 valve), 31 mm. 

Easily distinguished from G. suhgldbosa by the shape. 

Genus liuopsis Sassi, 1827. 

Type: Area wurita Brocchi. 

Limopsis parma n. sp. (Figs. 14, 15.) 

Shell of moderate size, ovate; beaks not prominent. Outline 
somewhat variable. Up to about 15 cm. diameter, most are sub- 
circular; from then onwards some grow much more along posterio- 
ventral margin and so become martedly oblique, others keep more 
to the youthful outline though there is always a certain amount of 
obliquity. Some specimens show strong ventral growth and so 
become considerably elongated. Dorsal margins characteristically 
short and inclined. Surface with somewhat irregular, low, concentric 
ridges which are very weak on central part of disc, so shell has 
shining surface across which ridges cross as lines. Weak radial 
grooves are present, more strongly developed distal ly. Where they 
cross the concentric ridges, crenulations are formed which are fairly 
strong on posterior area. Cardinal area between one-half and two- 
fifths length of shell, traversed by rather broadly triangular chondro- 
phore which has apical angle of about 100°. Hinge broad, teetli 
relatively long, about 10 posterior and 10 anterior. Adductor impres- 
sions of moderate size, the anterior one not at all concealed by hinge 
plate. Valve-margins bevelled, smooth. 

Holotype in Dominion Museum. 

Height, 25 mm. ; length, 26 mm. 

This species is related to L. zitteli but distinguished from it by 
smaller chondrophore, more circular adult shell, and rather stronger 
ornamentation. It is close to L. campa Allan from Waihao green- 
sands, but has a smaller chrondrophore. 

Genus ostrea Linne, 1758. 

Type: Ostrea edulis LinnA 

Subgenus gigantostrea Sacco, 1897. 

Type: Ostrea gigantica Solander. 

Ostrea (Oigantostrea) woUastoni Finlay. (Figs. 16, 17.) 

1873. Ostrea incurva Hutton, Cat. Tert. Moll., p. 35 (not of 
Nilsson). 

1915. Ostrea incurva Hutton : Suter N.Z. Geol. Surv. Pal. Bull. 
No. 3, p. 53, pi. 3, fig. 1, pi. 7, figs. 2a, b. 

1927. Ostrea wollastoni Finlay, Trans. N.Z. Inst, vol. 57, 
p. 528. 

A giant specimen was collected by Mr. Christie. It measure 
165 mm. long and 183 mm. high. ’ The depth of the left valve is 
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110 mm., of this the body cavity occupies about 45 mm., so the shell 
substance is 66 mm. thick. The right valve is almost flat and has a 
maximum thickness of 49 mm. The total weight is 9 lbs. 7 ozs. The 
external surface is not well preserved, but radial ribs are absent. 
The outline is more circular than that of the type, and the liga- 
mental area relatively larger. 

Perhaps 0. suteri v. Ihering (1907, p. 94) would be a better 
classification. This species was introduced only incidentally; but 
the locality, Westport, was given, and also characters to distinguish 
it from 0. Tiatcheri Ortmann and 0. patagonica d^Orb. 

Genus cyclopecten Verrill, 1897. 

Type: Cyclopecten postulosus Verrill. 

Cyclopecten campitum n. sp. (Fig. 8.) 

Shell minute, prodissoconch smooth, sharply defined. Left valve 
with ears of moderate size not sharply defined from disc. Surface 
smooth in young stages, but later with many fine, close radial threads, 
not persistent but tending to zonal arrangement. Towards margin 
appear about 17 rounded, strong radial ribs with much wider inter- 
spaces. The ribs bear strong spaced scales and tend to be knotty. 
Concentric growth-lines well marked, some, especially on posterior, 
projecting as jagged edges. 

Holotype in collection of N.Z. Geological Survey. 

Height, 1.6 mm.; length, 1.4 mm. 

) Easily distinguished from the Eecent species by the discrepancy 
in sculpture. In a recent revision of the New Zealand Pectinidae 
(Marwick, 1928, p. 456) the writer unfortunately overlooked a lapsus 
calami so that Cyclochlamys appears instead of Cyclopecten. Thanks 
arc due to Dr. H. J, Finlay for noticing this mistake. 

Genus chattonia n. gen. 

Type : Chattonia animula Marwick. 

Shell small, hatchet-shaped, strong; beaks prominent, at anterior 
third or fourth; posterior end broadly truncated, bounded below by 
low ridge. Sculpture of regular concentric grooves. Hinge of 
modei’atc width. Left hinge with two narrow, divergent, anterior 
cardinal teeth, anterior one much the stronger and well separated 
from raised hinular border. Behind these cardinals is a triangular 
ligamental space bounded posteriorly by long curved posterior lateral 
which extends two-thirds length of dorsal margin from which it is 
separated by a well-defined groove. Eight hinge with long straight 
anterior lateral confluent with lunular margin above; cardinal tooth 
strong, posterior lateral long, curved. Internal margins smooth. 

Chattonia animula n. sp. (Figs. 10, 11, 12.) 

Holotype in Dominion Museum. 

Height, 4.5 mm.; length, 5.8 mm.; inflation (1 valve), 1.25 mm. 

For description see generic diagnosis above. The specimens show 
considerable variation in shape, size, and coarseness of sculpture, 
so that further collecting may necessitate specific subdivision. The 
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largest specimen is nearly 9 mm. long. The elements of the hinge 
are the same as those of CrassateUites, hut this does not necessarily 
demand inclusion in that genus, for the crassatelloid hinge is an 
extremely conservative one. The small size, the curved dorsal margin, 
the shape of the lateral teeth, and the very narrow ligamental scar 
on the hinge deserve full generic recognition. 


Genus venericabdu Lamarck, 1801. 

Type: Venericardia imbricata Lamk. 

Venerioardia christiei n. sp. (Figs. 23, 28, 30.) 

Shell large, heavy; bea^ prominent, near anterior end. Jmumle 
deeply sunk, convex in youth, but sloping inwards as growth pro- 
ceeds, bounded by an incised line. Escutcheon shallow, not well 
defined. Sculpture of about 24 strong, rounded radial ribs, with 
well-marked interstices of about same width. Close, regular growth- 
striae cover the shell but are stronger in interstices, also ribs have 
indications of obscure nodes at intervals. In spite of these irregular- 
ities the surface has a smooth shining appearance. Hinge deep and 
strong, teeth well grooved ; left valve with the inward sloping lunule 
only slightly invading anterior cardinal tooth with which it forms 
an angle of 30°. Bight valve with a broad median cardinal well 
separated from thin anterior cardinal which in turn is distant from 
lunular margin; posterior cardinal forming rudimentary ridge on 
nymph. 

Holotype in Dominion Museum. \ 

Height, SO mm.; length, 50 mm.; inflation (1 valve), 19 mm. 

This species is related to T. awamoaensis Harris (-» F. pseutes 
Suter) but it can readily be recognized by the higher, narrower ribs 
and wider interspaces. The hinge-teeth, and lunule of F. christiei 
are not so oblique as those of F. awamoaensis, so that the space 
between the lunular border and the anterior cardinal is much wider. 
Also F. awamoaensis is usually less oblique in shape, the umbos being 
lower and not so far forward. 


Venericardia peeatella n. sp. (Figs. 29, 31.) 

SheU of moderate size, beaks prominent, about anterior flfth. 
Lunule small, concave, sloping forward below, scarcely invading 
anterior cardinal tooth above. Escutcheon not developed. Sculpture 
of 28 very low, smooth, rounded radials with linear interstices, ribs 
of posterior area narrower than others. Left hinge with two strong 
cardinals, anterior one forming with limule a triangular space; 
posterior one arched. 

Holotype in Dominion Museum. 

Height, 21.5 mm. ; length, 22.5 mm. 

Only two incomplete left valves were ooUeeted. They* Solely 
resemble F. awamoaensis Harris but differ in having the lunule 
sloping forward instead of badeward, almost parallel tff alnterior 
cardinal, in this respect being Iflce F, diristmj' They are readily 
distinguished from this shell however by the much weaker and more 
numerous radials. ' 
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Venericardia oadebs n. sp. (Figa. 22, 24.) 

Shell of moderate size, lunbo fairly prominent, at anterior fourth. 
Lunule convex, cordate,- sloping forward. Escutcheon not developed. 
Sculpture of 29 high, rounded, radial ribs with interspaces about 
same width; anterior two ribs and posterior one extremely weak. 
Ribs on anterior part of disc with regular transverse ridges, but 
those on posterior part almost smooth, except the fourth from last 
which has prominent spaced spines. Bibs on posterior area con- 
siderably weaker than those of central part of disc. Hvnge of 
moderate width; left valve with anterior cardinal strong, triangular, 
well separated from arched lunular border; posterior cardinal long, 
arched, of moderate strength, parallel to ligamental nymph. Bight 
median cardinal evidently very broad. 

Holotype in collection of N.Z. Oeological Survey. 

Height, 27 mm,; length, 30 mm.; inflation- (1 valve), 10 mm. 

Differs from the Recent species, T. difficilis (Dcsh.), in having 
rather more ribs, which, moreover, are almost smooth over a great 
part of the shell. The hinge is of the same general type as that of 
V. purpurata (Desh.) but the left posterior cardinal is longer and 
further away frofli the anterior one, so that the right median cardinal 
must be considerably broader. Also the adductor-scars of the Recent 
shells, especially the anterior one, are much larger than in the fossil. 
A single left valve has been collected. 


Subgenus PLECBOMERis Conrad, 1867. 

Type: Cardita tridentata Say. 

Venericardia (Pleuromeris) prolutea n. sp. (Figs. 25, 26, 27.) 

Shell small, subequilateral ; beaks almost central, moderately high. 
Lunule flattened, large, lanceolate, smooth, not invading hinge-area. 
Escutcheon long and narrow, smooth, not depressed. Sculpture of 
sixteen high, strongly and regularly-beaded radial ribs with equal 
interstices. Left hinge with two strong cardinals forming angle of 
about 77°; anterior cardinal well separated from lunular margin. 
Anterior and posterior laterals present. Right hinge with strong 
triangular median cardinal; anterior and posterior cardinals rudi- 
mentary. Anterior and posterior laterals present. 

Holotype in Dominion Museum. 

Height, 6 mm.; length, 6 mm.; inflation, 2.25 mm. 

Differs from the Recent V. lutea Hutt. in having more ribs, and 
in the beaks being almost median, thus making the shell subequi- 
lateraL Further, the hinge-line is narrower in the fossil. 

Genus eulopu Dali, 1901. 

Type: Lucina sagrinata DalL 
* Subgenus notomtrtka Iredale, 1924. 

Type; Myrtea hotanica Hedley. 

Ihilopia (HoftOBiTTteR) Btandnifem n. sp. (Figs. 35, 36, 37.) 

ShM small, laterally compressed, beaks central, prominent. 
Lunule and ecoittckeoto wdfl d^ed, long, narrow, sutboGi, wider in 
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left valve. Sculpture of rather sharp, concentric, irregularly-spa^ 
lamellae, about five per millimetre, with wide, flat interspaces which 
are occupied by dense vermieulate radial threads. Left hinge with 
two curved triangular cardinals; margins of lunule and escutcheon 
raised distally to function as lateral teeth; lunular one with low 
ridge below, posterior one with trace of a groove. Bight hinge with 
curved triangular cardinal and a strong anterior also a strong pos- 
terior lateral, each of which forms with raised margin a deep socket 
to receive lateral tooth of left valve. Adductor impressions not 
strongly marked but apparently triangular, anterior one slightly 
elongated. 

Holotype in Dominion Museum. 

Height, 5.6 mm.; length, 6.3 mm.; inflation (1 valve), 1.2 mm. 

E. standnifera differs from E. papatikiensis in shape, the beaks 
being considerably higher, so that the angle between dorsal and 
lunular margins is less. Also the left anterior lateral of E. papa- 
tikiensis is well developed and distant from the lunular margin. 

When iredale (1924, p. 206) introduced Notomyrtea for Austra- 
lian shells with fine radials in the concentric interspaces, he did 
not discuss Eulopia proposed by Dali, for American shells with the 
same feature. Recently Finlay (1926, p. 461) transferred Myrtea 
{Eulopia) papatikiensis Marwick to Notomyrtea, also without dis- 
cussing Eulopda. The only outstanding difference from the New 
Zealand shells shown by E. sagrinata is the considerably greater 
inflation. The general shape, sculpture, and hinge are so alike that 
it would be well to associate the groups generically. The radial orna- 
ment is a very persistent character and marks clearly defined groups 
of extended range both geographically and stratigraphically ; it 
therefore justifies generic recognition of Eulopia. 

Genus ooniicyrtea n. gen. 

Type: Loripes concinna Hutton. 

Shell subtriangular because of obscure ridge running from umbo 
to middle of anterior margin, and another to posterior margin which 
is angled below middle. Lunule broadly concave, not invading hinge 
area, and not interfering with development of teeth. Lateral teeth 
of right valve extremely weak, left valve with no true laterals, the 
lunular margin Ireing slightly raised to function as one. Anterior 
adductor impression long and narrow. 

The poor development of lateral teeth, the long anterior adductor, 
and the shape of the shell, readily distinguish this genus from 
Notomyrtea. 

Finlay (1926, p. 461) has already noted the possibility of this 
distinction. 

Oonimyrtea bucculeata n. sp. (Figs. 32, 33, 34.) 

Shell subcircular, beaks slightly in front of middle, not promi- 
nent. Lunule lanceolate, well sunk, smooth. Escutcheon absent. A 
weak ridge runs to anterior margin from umbo forming weak anterior 
■«ring. Sculpture of narrow, relatively high, very regular ooneentrie 
ridges, 6 per millimetre, with much wider fiat interspaces. Left 
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hinge with two small cardinals diverging from under umbo, lunular 
margin raised to function as a lateral. Right hinge with single tri- 
angidar cardinal and small anterior tuWcle. Anterior muscle- 
impression long and narrow, posterior triangular. Interior of shell 
striated above pallial line. ViAve-margins smooth. 

Holotype in collection of N.Z. Geological Survey. 

Height, 6 mm.; length, 6.5 mm.; inflation (1 valve), 2 mm. 

Distinguished from the Recent and Pliocene P. concinna by the 
more orbicular shape, less prominent anterior and posterior marginal 
angulations and well spaced ribbing. 

Genus maoritellima Finlay, 1926. 

Type : TeUina charlottae E. A. Smith. 

Maoritellina imbellica n. sp. (Figs. 7, 9.) 

Shell small, fragile, ovate. Beaks slightly behind middle line. 
Anterior end rather narrowly convex, the dorsal margin slightly 
curved descending fairly rapidly. Posterior end subangled, bent 
slightly to right. Sculpture of low, sharp, concentric threads, dis- 
tantly and regularly spaced, but developed only on posterior half 
of disc. A few microscopic radials closely grouped are on distal 
posterior part of obscure fold running from umbo to posterior angle. 
Right hinge with two cardinals, anterior narrow, posterior triangular, 
bifid, laterals well developed, posterior slightly closer to umbo than 
anterior but not overlapping ligament. Pallial sinus not visible. 
Valve-margins smooth. 

Holotype in collection of N.Z. Geological Survey. 

Height, 4.5 mm.; length, 6 mm. 

Genus dosinia Scopoli, 1777. 

Type : Artemis africana Hanley. 

Subgenus raina Marwick, 1927. 

Type : Dosinia bensoni Marwick. 

Dosinia (Raina) sodalis n. sp. (Figs. 38, 39, 40.) 

Shell of moderate size, strong, subcircular. Lunule long and 
narrow, bounded by deeply-incised line. Escutcheon long and deep, 
bounded by sharp ridge especially in left valve. Sculpture of high, 
narrow, erect, regular, well-spaced concentric ridges, about 8 per 
centimeter, becoming obliquely lamellar on posterior slightly concave 
area. Left hinge with strong curved posterior cardinal ; strong rugose 
median, and lamellar anterior cardinal, space between last two with 
deep pit along anterior side. Anterior lateral broad, low, very 
strongly ridged. Bight hinge with fairly strong, bifid, posterior 
cardinal, stout, rugose median, and short, thin and low anterior 
cardinal. Space between first two with shallow excavation along 
posterior side. Anterior pit with low smooth lateral above, strongly 
grooved below. 

Holotype in Dominion Museum. 

Height, 62 mm.; length, 62 mm.; inflation (1 valve), 14 mm. 

Easily distinguished by the sculpture, concentrated hinge, and 
very deep escutcheon. 
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Dosinia (Baina) impariosa n. sp. (Figs. 41, 42.) 

Shell large and heavy. Lunule lai^e and broad, bounded by 
incised line. Escutcheon deep, not commencing until shell is about 
20 mm. diameter, crossed by fairly strong continuations of the con- 
centric sculpture. Sculpture of strong, bevelled, polished, concentric 
ridges with slightly narrower interspaces, the ridges becoming 
narrower and oblique on posterior area. Right hinge with strong, 
bifid posterior cardinal; strong, triangular, rugose median, and 
short, strong, high anterior cardinal. Anterior pit deep, with weak, 
smooth lateral above, strongly rugose below. Nymph with strongly 
raised anterior margin along groove for left posterior cardinal. 
Pallial sinus reaching to near middle of shell. 

Holotype in Dominion Museum. 

Height (estimated), 60 mm.; length (estimated), 60 mm.; infla- 
tion (1 valve), 20 mm. 

Distinguished from D. sodalis by greater inflation and broader 
lunule, escutcheon starting at much later stage, broader right pos- 
terior and anterior cardinals, and sculpture. 

Genus pholadidea GoodaU, 1819. 

Type: Pholadidea loscombiana GoodaU. 

Pholadidea increnata n. sp. (Fig. 13.) 

Shell somewhat sm^, elongate ; beaks at anterior fourth. 
Anterior dorsal margin strongly reflexed. Sculpture: an obUque 
groove stretching from umbo backwards to middle of ventral margin. 
Behind this the surface bears low, bPoad, regular concentric folds 
with in addition one or two irregularly placed growth-lamellae. In 
front of the groove are strong, regular, weU-spaced concentric lamel- 
lae which show only faint traces of marginal crenation. No sign 
of anterior lower caUus-plates. 

Holotype in Dominion Museum. 

Height, 10 mm. ; length, 18.5; inflation (1 valve), 4 mm. 

Differs somewhat from the Recent P. tridens Gray in broader 
posterior and presence of weU-spaced, scarcely crenate lamellae 
on the anterior area. Also the anterior ventral margin ascends, in 
a gentle convexity from the oblique groove and not in a broad sinus. 

Genus mtadora Gray, 1840. 

.Type : Pandora brevis Sowerby. 

XK^yadora delta n. sp. (Figs. 19, 20.) 

Shell rather smaU, subtriangular; beaks slightly behind middle; 
apical angle about 100®. Left valve concave, with relatively strong 
posterior twist. Anterior dorsal margin straight, descending at about 
45° to narrowly rounded anterior margin. Posterior don^ margin 
flatly sigmoid, merging into obUquely truncated posterior margin. 
Ventral margin widely arcuate. Lunule and escutcheon narrow, flat, 
extending fuU length of dorsal margins. Sculpture of low, broad, 
concentric ridges, obsolete over most of disc, but strong along anterior 
doml margin. LithodeSma narrowly tri an gular. Anterior and pos- 
terior margins of shell raii^ and grooved along whole laigtih. 
Adductor-scars noticeably distant from umbo qnd near ventral 
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margin. PaJiial sinus broad and shallow, a radial groove extending 
from front of it towards nmbo. Valve-margins smoothly rounded. 

Holotype in Dominion Museum. 

Height, 7.5 mm.; length, 9.5 mm. 

Paratype, 7,3 x 9 mm. 

This shell resembles ilf. novaezelanddae Smith in shape but the 
apical angle is considerably greater. 

Genus antisolarium Finlay, 1926. 

Type: Solarium egenum Gould. 

Antisolarium vixindsum n. sp. (Fig. 44.) 

Shell small, fragile, conical, perforate. Whorls six, moderately 
convex, increasing regularly; body-whorl angled at periphery in 
young but only subangled in adult; base convex. Protoconch conic, 
with small nucleus, number of whorls uncertain as no division 
between it and brephic stage is to be seen. Suture impressed. 
Sculpture of indistinct spiral ridges somewhat irregularly spaced, 
about 6 on body-whorl above periphery, which is marked by a fairly 
strong thread. Some species have only a spiral below the suture 
and one on periphery. On base, the spirals are extremely weak, but 
a moderately strong one is sometimes present close to periphery. 
Paint but regular growth-lines cross obliquely backwards from suture 
to periphery, and are noticeably arcuate between periphery and 
umbilicus. Umbilicus open, about | diameter of base, bounded by 
strong, moniliform thread which has a smoother, weak spiral above 
and sometimes one below it. Aperture subrhombic. Outer lip 
retreating from suture at about 45®, broadly sinused on base. Inner 
lip broadly concave above where it sweeps round to parietal wall, 
sometimes lightly channelled below at ends of umbilical spirals. 

Holotype in Dominion Museum. 

Height, 4 mm.; diameter, 4 mm. 

On several specimens traces of the colour-ornament of brown 
axial bars and splotches still remain. 

No very closely-related species has yet been described, the absence 
at any stage of the* biangulate spire-whorl being peculiar. Many of 
the specimens are quite smooth, but this may be the result of decor- 
tication, as the outer shell-layer is inclined to become powdery. 


Genus elachorbis Iredale, 1915. 

Type; Cyclostrema tatei Angas. 

ElachorUs dnplicarina n. sp. (Figs. 43, 45, 46.) 

Shell minute, almost planispiraj. Whorls four, convex on spire, 
body-whorl bicarinate. Protoconch of 2| smooth whorls with first 
two showing but little increase in diameter. Sculpture of four smooth 
spiral cords on body-whorl above periphery. Interstices about equal 
to cords. Upper keel, marking periphery, high and sharp; lower 
keel not so strong but still well defined. Space between keels with 
3 rather dose spirals; base with about 7 spaced threads. Growth- 
lines extremely fine. Aperture subcircular, with blunt angles at the 
keels. Outer Up thin, oblique. Umbilicus wide, open, with a strong 
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spiral which causes an embayment in the inner lip. 

Holotype in collection of N.Z. Qeological Survey. 

Height, .8 mm. ; diameter, 2 mm. 

The classification under Elachorhis is only provisional, for the 
two strong keels are not present in that genus. The shell figured 
by Cossman [1918, pi. 2, figs. 51, 52, S3] as Tornus {Adeorbis) 
miohicarmatus Sacco, from the Miocene of France, has a strong 
resemblance in general characters. 

Genus spirocolpus Finlay, 1926. 

Type: TurriteUa waikaoensis Marwick. 

Spirocolpus tophina (Marwick). 

1926. TurriteUa tophina Marwick, Trans. N.Z. Inst., vol. 56, 
p. 313, pi. 72, fig. 21. 

The adult specimens available are all somewhat eroded, but they 
seem to agree closely with the Waiarckan species. Many well-pre- 
served apices occur, showing the strongly monilform character of 
the spirals on early whorls. 


Genus zeacolpus Finlay, 1926. 

Type: TurriteUa carlottae Hutton. 

Zeacolpus chattonensis n. sp. (Figs. 47, 49.) 

SheU of moderate size, apical angle about 20°. Protoconch of 
about two smooth whorls. Sculpture commences with two smooth 
spirals on first post embryonic whorl, upper spiral stronger and giving 
whorl strong angulation, on second whorl a weak thread appears above 
first two; for first three post-embryonic whorls or so, upper of the 
two primary spirals is stronger, but about fourth whorl the lower 
equals it and on fifth forms prominent keel and upper primary 
degenerates to fine thread. Meanwhile, fine spiral threads have been 
appearing from about second whorl, so whole surface is closely 
spiralled. Strongly-keeled condition holds for three or four whorls 
during which upper part of each whorl has gradually been rising 
above suture, forming a cingulum with two strong threads and 
several weak ones. One of these strong threads is probably continua- 
tion of that commencing on second whorl. The whorls which are now 
about 4 mm. diameter retain much the same character until about 
12 mm. diameter; that is, the whorl is girdled by median concavity 
bounded below by single strong spiral, concave under-side of which 
retreats rapidly to constricted suture. Upper side of median con- 
cavity bounded by weaker spiral with another still weaker on each 
side, the three set on a cingulum of the whorl which retreats to 
suture in a convexity. Whole surface with fine spiral threads, some 
of which become relatively prominent. The specimen shown in figure 
47 appears to be a gerontic development, the whorl is almost flat, 
but the suture is stiU well constricted. Aperture subquadrate, outer 
lip with a fairly deep sinus, the broadly rounded apex Of which is 
slightly below mid whorl and posterior side advancing further than 
anterior. 
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Holotype in Dominion Museum. 

Height (estimated), 45 mm.; diameter, 12 mm. 

Paratype (Pig. 47), estimated 80 x 20 mm. 

Genus zefallacia Finlay, 1926. 

Type : Fastigiella austroMs Suter. 

Zefallacia chattonenisis n. sp. (Fig. 63.) 

Shell large, turricrulate, increasing regularly. Whorls cylindrical, 
suture deeply incised, body-whorl contracted quickly to short twisted 
canal not notched at base. Sculpture of low, regular, arcuate growth- 
ridges. Body-whorl with a few weak spirals just below suture-line. 
Aperture ovate, produced below into twisted canal about half length 
of aperture. Outer Up retreating from suture in broad shallow sinus. 
Columella with strong fold which is sharp and median in youth, but 
rounded and more anterior at maturity. Inner lip of adult with 
broadly expanded, projecting callus-plate. 

Holotype in Dominion Museum. 

Height (estimated), 70 mm.; diameter, 20 mm. 

As noted by Finlay (1926, p. 384) this is the shell identified 
by Suter (1921, p. 95) as the Mesozoic Nerinea Defrance. Although 
the New Zealand shell certainly resembles Nerinea it does not belong 
to that family but to the Cerithiidae as placed by Finlay. This is 
shown by the single fold on the columella, complete absence of folds 
on the outer lip or parietal wall, and by the twisted canal. Prom Z. 
australis (Suter) the new species differs in being very iriuch larger 
and in having regularly-increasing whorls. Whether adult Z. aus- 
tralis has an expanded inner lip is not known. 

Genus pyrazus Montfort, 1810. 

Type: Strombus palustris Linne. 

Pyrazus Sutherland! n. sp. (Fig. 48.) 

Shell large, solid, outline almost straight. Whorls, about 12 
remaining, with shoulder slightly indicated by axials. Suture im- 
pressed, undulating. Sculpture of about eleven axial ribs per whorl. 
Ribs arc broadly rounded and slightly nodulous being weaker across 
shoulder but extend from suture to suture and die out on base. Inter- 
spaces slightly wider than ribs. Whole surface with fine spiral 
threads, showing best in interstices. Last quarter whorl has been 
repaired after a break, and on it spirals are much stronger; six, 
especially, develop into rugose cords more prominent on ribs than in 
interspaces. Outer lip broken away. Columella twisted, apparently 
produced along short canal. Irmer lip with fairly thick callus adher- 
ing to base of shell, 

Holotype in collection of N.Z. Geological Survey. 

Height, 100 mm. ; diameter, 35 mm. 

As the aperture is incomplete it is impossible to be sure about 
the generic affinities of this shelL Nothing closely related to it has 
so far been described from New Zealand; but judging from the 
figure Cerithium pritchardi Harris (1897, p. 226, pi. 7, fig. 3) belong 
to the same group. Harris remarked on the resemblance of his 
species to C, semicostatum Deshayes (European Eocene) which is a 
Vulgocerithium Cossmann. 
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Qeniis UAORICRYFTA Finlay, 1926. 

Type : Crepidula costata Sowerby. 

Maoricrypta salebrosa n. sp. (Figs. 50, 51.) 

Shell of moderate size, strongly convex, relatively high and 
narrow. ‘ Beaks strongly incurved, twisted well to the side and sepa- 
rated from the aperturd mai^n by wide space covered with gro-v^- 
lines. Sculpture of about 12 to 16 rounded, irregular, gnarled, spiral 
ridges with equal or wider interstices. These ridges generally 
stronger along crest of shell and narrower on outer or left side than 
on inner or right side. Growth-lines irregular. Septum extending 
about halfway along shell, a little further on left than right ; anterior 
margin gently concave, with very shallow sinus in middle. 

Holotype in Dominion Museum. 

Height, 17 mm. ; length, 40 mm. ; width, 23 mm. 

The sinuosity of the septal margin is rather better marked in 
this species than in the others of the group, i.e., M. costata Sowerby, 
M. wilckensi Finlay, etc., and is very different from that of the type 
of Crepidula, C. fornicata L. In Crepidula the septal margin follows 
a shallow sigmoid curve, in Maoricrypta it is gently concave with a 
shallow median sinus. 

Genus sigapatella Lesson, 1830. 

Type: Calyptraea (Sigapatella) novae- 
zelandiae Lesson. 

Sigapatella mapalia n. sp. (Figs. 58, 59.) 

Shell somewhat small, spire excentrie. Protoconch of about two 
smooth whorls, conspicuously tilted and with nucleus slightly involved 
by second whorl. Post emiryonic whorls two, strongly convex except 
for about one quarter turn of brephic stage where the whorl is much 
less convex. Sculpture, inconspicuous; concentric growth-lines fairly 
well marked on some specimens, a few with numerous weak spiral 
cords with interspaces of same width. Suture well defined* on later 
part because of convexity of whorls, but obscure on early part. 
Basal plate with obliquely penetrating umbilicus. 

Holotype in Dominion Museum. 

Height, 5 mm. ; diameter, 8 mm. 

Resembles 8. novae-zelandiae in general apearance and in the 
presence of a penetrating umbilicus; but differs in having a project- 
ing, tilted protoconch and early whorls much like those of 8. terrae- 
novae; also the margin of the basal plate is not bent forward so 
strongly where it bounds the umbilicus. i 

Genus polinices Montfort, 1810. 

Type: Natica brunnea Link (— nummilaris Lamk.) 

In a revision of the Naticidae of New Zealand, the writer (Mar- 
wick 1924) used the gcaius Vber of Humphries having overlooked 
Opinion 51 of the International Commission on Zkxilogical Nomen- 
clature. This was kindly pointed out in a letter by. Dr, W. P. 
Woodring. 
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Polinioes blaesus n. sp. (Fig. 62.) 

Shell of moderate size, spire relatively high; body-whorl com- 
pressed for some distance below suture for last half whorl. Suture 
ill defined. Surface smooth. Aperture semilunar. Outer Up joining 
suture at about 85° but curving round to retreat rapidly in a broad 
curve. Apertural callus moderate, with canal at posterior end along 
inside of projecting outer lip, and broad ^Jepression about middle sub- 
divided by wide faint ridge ; outer edge of callus opposite transverse 
depression drawn up in thin layer to obtuse angle on parietal bulge 
of whorl. Umbdlicus restricted to merest penetrating chink. 

Holotype in Dominion Museum. 

Height, 32 mm. ; diameter, 24 mm. 

Closely related to P. obstructus (Marw.) but differing in poor 
development of transverse grooves of callus. Also the mass of the 
callus does not extend so far out of the aperture. The compression 
of the body-whorl below the suture if constant should provide ready 
means of identification. 

Polinices lobatus (Marwick). 

1924. Tiber lobatus Marwick, Trans. N.Z. Inst., vol. 55, p. 562, 
pi. 58, fig. 2. 

The single specimen is a gerontie individual with a contracted 
outer lip. The apertural callus is not so well grooved and is narrower 
than the typical P. lobatus, but more specimens are required to show 
how constant these differences are. 

Genus odostomia Fleming, 1817. 

Type: Turbo plicatus Montagu. 

Odostomia alexanderi n. sp. (Fig. 60.) 

Shell relatively large, only two last whorls remaining. Penulti- 
mate whorl but slightly convex, body-whorl elongate oval. Surface 
smooth, shining, with fairly strong growth-lines. Suture impressed. 
Columella, with single strong fold. 

Height (estimated), 10 mm.; diameter, 3 mm. 

Easily distinguished from 0. georgiana Hutton by the elongately- 
oval body-whorl. Although the specimen is incomplete it should be 
readily identifiable, and so has been given a name. 

Genus syrnojla A. Adams, 1860. 

Type : Syrnola gracillima A. Adams. 

S3rmola wallacei n. sp, (Fig. 54.) 

Shell small, elongate, conic; spire about 4 times height of aper- 
ture. Whorls nine, flat to slightly convex on spire, body-whorl 
rounded at periphery, base slightly convex, sloping inwards at about 
45°. Protoconch heterostrophic, paucispiral, with large nucleus. 
Suture channelled. Surface smooth and shining with merest sugges- 
tion of axial ribs; body-whorl with one or two very weak spiral 
threads on line of suture which is below periphery. Aperture oval. 
Outer lip sinuous, convex below. Columella with strong sharp fold 
high up. 

KKK 
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Holotype in collection of N.Z. Geological Survey. 

Height, 4.75 mm. ; diameter, 1.4 mm. 

Differs from S. semiconcava Marsh, and Murd. and 8. menda 
Finlay in more convex outline of whorl and deeper suture, and from 
8. lurida Suter and 8, tenuiplicata Murd. and Sut. in much shorter 
body-whorl and stronger columellar fold. ' 

Syxnola aclyformis n. sp. (Fig. 55.) 

8heU small, elongate, conic ; spire four times height of aperture. 
Whorls nine, flat, increasing very gradually ; body-whorl broadly 
rounded at periphery. Protoconch heterostrophie, narrow and high. 
Suture scarcely indenting outline. 8urface smooth, shining, with 
faint growth-lines sloping obliquely forward. Aperture incomplete 
in the single specimen; but columella with strong fold. 

Height, 5.1 mm. ; diameter, 1.4 mm. 

Distinguished from other described species in New Zealand by 
the shallow suture, and consequent straight outline. 

Genus txjbbonilla Bisso, 1826. 

Type : TurboniUa typica Dali & Bartsch. 

Subgenus STBioruimoNiiXA Sacco, 1892. 

Type: TurboniUa sigmoidea Jeffreys. 

TurboniUa (Strioturbonilla) <fliattonensis n. sp. (Figs. 52, 53, 57, 
61.) 

Shell elongate, conic. Protoconch heterostrophie, of two and a 
half smooth helicoid whorls with rather smaU nucleus. Post-embry- 
onic whorls eleven in holotype but probably reaching 14 in others, 
much broader than high, outlines lightly convex ; body-whorl rounded 
at periphery. Suture strongly constricted. Sculpture, holotype with 
16 (paratypes up to 22) oblique, slightly curved ribs with somewhat 
narrower, excavated interspaces which extend from higher suture to 
lower but here stop abruptly thus terminating the ribbing. Very 
fine spiral grooves occupy the rib interspaces, about 24 on the body- 
whorl of large specimen ; base also covered with fine spirals, the inter- 
spaces slightly wider towards periphery. Aperture subquadrate, 
columella with fold placed high up. 

Holotype in Dominion Museum. 

Height, 6.75 mm.; diameter, 1.8 mm. 

Paratype, height (estimated) 10 mm. ; diameter, 2.4 mm. 

In shape T. chattonensis resembles T. powelli Bucknill, but the 
whorls are relatively much lower. T. suteri Powell has more convex 
whorls. Neither of these species has the fine spiral lirae. T. 
awamoaensis Marsh. & Murd. has strong spiral sculpture and a dif- 
ferent outline. 


Genus PBOXiMmu Finlay, 1926. 

Tyi>e: VexiUum rutidoUmum Suter. 

Froodmitra inoisnla n. sp. (Fig. 67.) 

Shell somewhat smdl, fusiform, spire slightly shorter than lyter- 
ture. Whorls seven including protoconch which conasts of about 
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2 smooth whorls of tectiform shape with large nucleus. Sculpture 
of 14 or 15 weak axial ribs, about their own width apart on spire 
but more distant on body-whorl. These are crossed by numerous 
close spiral threads, well marked on shoulder but becoming obsolete 
on sides of whorls. Aperture elongate, not notched below; outer Up 
slightly sinuous. Columella with four distant folds, anterior one 
weak, others strong. 

Height, 12.5 mm.; diameter, 6 mm. 

Holotype in collection of N.k Geological Survey. 

P. incisula is easily distinguished from others of the genus by 
its small size, rather plump outline and spiral sculpture of close 
threads well marked only on the shoulder. 


Genus xymenella Finlay, 1926. 

Type : Trophon pusUlus Suter. 

Xymenella inambitiosa n. sp. (Figs. 65, 68.) 

Shell small, broadly fusiform. Protoconch convex of three 
smooth whorls with a small tilted nucleus, two rudimentary axials 
near termination which is varixed. Post-emhryonic whorls three, 
convex; body-whorl convex, obscurely shouldered by spiral ornamen- 
tation, retreating rapidly below to somewhat short, slightly twisted 
iK'ck which bears a low ridge but no fasciole. Sculpture : spire-whorls 
with two strong distant spiral cords; body- whorl with about 9, the 
lower 5 crowded together on base and neck. These are crossed by 
strong, sharp axials about 14 per whorl giving whole surface regu- 
larly eancellate appearance. Aperture oval, produced into slightly- 
twisted canal which is not anteriorly notched. Outer Up strongly 
varixed, bearing on inner side about 5 teeth which decrease in strength 
anteriorly. Columella smooth, twisted below to the canal. 

Holotype in Dominion Museum. 

Height, 5 mm. ; diameter, 3 mm. 

Characterized by the sharp axials and small number of spirals. 
The axials are really sharp varices, and on some specimens they are 
strongly developed at one or more places on the body-whorl showing 
where a complete aperture had been formed and then superseded by 
further growth. 


Genus babyspira Fischer, 1883. 

Type; AnciUaria australis Sowerby. 

Baryspira electa n. sp. (Fig. 73.) 

Shell somewhat small, subeylindrical;' spire about equal in 
height to aperture. CaUus of spire with weak spirals. Callus of 
imer Up extending upwards to apex of spire, its outer margin in a 
shallow sigmoid curve. The lower part of the columella bears six 
about equal spiral folds, the top one somewhat stronger. The inter- 
space below it bears a weak thread. 

Holotype in Dominion Museum. 

Height, 22 mm. ; diameter, 8 mm. 

Closely related to B. hehera (Hutton) but differing in the dis- 
position of the apertural and spiral eallus; the sinuous outer margin 
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on the spire being gently convex, whereas in B, hebera it is concave. 
The folds on the columella are more uniform in size and not grooved 
down the middle as in J5. hebera. There are also diflEerences in the 
spiral grooves of the anterior part of the shell. The same characters 
serve to distinguish this species from B. snhhebera, Marwick, which 
has much more callus on the spire. 

Genus erato Risso, 1826, 

Type : Cypraea cypraeola Brocchi. 

Erato marshalli n. sp. (Fig. 56.) 

Shell minute, ovate, spire low. Protoconch slightly tilted of 
about li smooth planorbid whorls. Post embryonic whorls two and 
a half; body- whorl convex, inflated near posterior end of outer lip, 
contracted below. Suture not covered. Surface smooth and shining. 
Aperture elongate, expanded posteriorly, lightly sinused anteriorly. 
Outer lip convex, thickened, bordered, with 10 fine denticules inter- 
nally. Inner lip also with about 10 denticles, the lower ones elongated 
into small folds, the upper ones merging into a keel. 

Holotype in Dominion Museum. 

Height, 2.7 mm. ; diameter, 1.9 mm. 

Differs widely in shape from the other Tertiary species. 


Genus austrodrillia Hedley, 1918. 

Type : Pleurotoma angasi Crosse. 

Austrodrillia cinctuta n. sp. (Fig, 74.) 

Shell small, fusiform ; spire gradate, about one and a half times 
height of aperture. Profoconch of about 1^ smooth inflated whorls. 
Posf-cmhryonic whorls six; body-whorl retreating in shallow convexity 
to short, slightly twisted neck which is swollen but without fasciole. 
Sculpture of about 10 or 11 axials, bluntly tiiberculate on shoulder 
angle but very weak on base and on shoulder, though still visible 
in sub-sutural band. Whole surface with close spiral threads ; 
shoulder with four, and three on sub-sutural band ; spire-whorls with 
four, body-w^horl with about 24 below periphery, those on base 
stronger and more spaced. Suture borderd below by well marked, 
weakly moiiiliform band. Aperture elongate, produced below into 
short wide canal not sinused anteriorly. Outer lip with broad, rather 
shallow sinus between suture and periphery. Columella with sugges- 
tion of fold caused by swollen neck. Inner lip smooth, bordered on 
neck by shallow depression. 

Holotype in Dominion Museum. 

Height, 8 mm.; diameter, 3.5 mm. 

Genus austrotoma Finlay, 1924. 

Type : Bathytoma excavata Suter. 

Austrotoma inaequabilis n. sp. (Fig. 71.) 

Shell of moderate size, strong ; spire equal in height to aperture. 
PosUembryonic whorls about six, angled above middle, with concave 
shoulder and vertical sides. Body-whorl contracting slowly to straight 
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neek which bears strongly-developed fasciole with rounded median 
ridge marking inner side of the narrow anterior notch. Sculpture-, 
body-whorl with two strong, spaced spiral cords on periphery ; above, 
on the concave shoulder, are fine spiral threads, and below, another 
strong spiral starts from about line of suture; it is the top one of 
about 14 between there and fasciole. Of these the upper five are 
stronger than the lower ones. Space between peripheral and sutural 
spirals with three sharp spirals of secondary strength, upper two 
fairly close together, and with single fine thread between them; 
between lower two, are three similar threads and a single one between 
lowest and sutural spiral. Interspaces of strong spirals on base and 
neck also with spiral thread. Sides of body-whorl with obsolete 
axial ribs. All interspaces crossed and fine spiral threads reticulated 
by regular growth-lines. Spire-whorls with moderately strong axial 
ribs about 16 per whorl, crossed by two spaced spirals at angle of 
bhoulder, and with six weaker spirals on sides, the alternate ones 
lieing of secondary strength. Suture appressed. Aperture with a 
deep, narrow anterior notch. Outer lip with widely concave sinus on 
shoulder then sweeping forward in wide convexity opposite side and 
])ase. Columella smooth, gently bent to canal. Inner lip definitely 
limited, excavated, not quite obliterating two folds formed by edges 
of apertural notch. 

Holotype in collection of N.Z. Geological Survey. 

Height (estimated), 35 mm.; diameter, 13 mm. 

The sculpture somewhat resembles that of A, excavata Suter, but 
the shape is very different. 


Austrotoma toreuma n. sp. (Fig. 72.) 

Shell of moderate size ; spire slightly higher than aperture. Post- 
embryouie whorls about 6, angled above middle, with strongly concave 
shoulder and vertical sides. Body contracting relatively quickly to 
short almost straight neck which bears well marked fasciole strongly 
ridged down the middle. Sculpture, about 25 forward-sloping axial 
ribs per whorl, commencing at shoulder angle and dying out on base. 
Spire-whorls with six strong, spaced spiral cords, interspace of 3rd 
and 4th on penultimate whorl with a single spiral thread. Shoulder 
with five spaced spiral threads the outer one stronger than rest. Body- 
whorl with 16 strong, spaced spiral cords, top three a little closer and 
inclined to be nodulous where crossing axials; on shoulder, are now 
six threads, outer one almost as strong as the ones on sides and base. 
The single interstitial thread of penultimate whorl continues on to 
body and interspace below it also develops one, but the other inter- 
spaces do not. Shoulder and interspaces crossed by very strong 
regular growth-lines. Suture appressed. Aperture oblong, with deep, 
narrow, anterior notch. Outer Up with wide, concave sinus on 
shoulder; convex below. ColumeUa smooth, gently bent to canal. 
Inner lip definitely limited, excavated, not quite obliterating traces 
of the fasciole. 

Holotype in coUectioii of N.Z. Geological Survey. 

Height, 30 mm. ; diameter, 12 nmi. 

Easily distinguished from A. inaegudbUis by the very strong 
sculpture, and general absence of interstitial spirals, and from A, 
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scopaloeus Fin. by the relatively higher spire, more slender shape and 
persistence of axial ribbing on the body. In the last r^pect it 
resembles A. robusta (Hutton) but differs from that species in shape. 

Genus phenatoma Finlay, 1924. 

Type : Pleurotoma novaezelandiae Reeve. 

Subgenus CBYPTOMEUiA Finlay, 1924. 

Type: Leucosyrinx transenna Suter. 

Phenatoma (Oryptomella) oirassispiralis n, sp. (Fig. 75.) 

SheU small, narrowly fusiform; spire higher than aperture. 
Protoconch conic, of 4 or 5 whorls, the last quarter angled and bear- 
ing some broad axial ribs. Post embryonic whorls four and a quarter ; 
body-whorl contracting gradually to neck which has no faseiole but 
is noticeably swollen. Sculpture-, angle of shoulder with strong, 
smooth cord; steeply inclined, slightly concave shoulder bears two 
weaker spirals, between these and between top one and suture is fine 
spiral thread. On spire-whorls below shoulder-angle there is one fine 
cord, but body has seven of these on side and base, some interspaces 
with fine thread beginning on last half whorl. Neck with five spiral 
cords weaker than basal ones. Whole shell with strong, re^ar, 
spaced growth-ridges in interspaces and on some of the spirals. 
Aperture elongate, produced below into wide, slightly twisted canal 
which is lightly sinused anteriorly. Outer lip with narrow fairly 
deep sinus just above shoulder-angle, apex of sinus marked by lower 
shoulder-cord. Columella with broad strong fold corresponding to 
the swelling on neck and sinus of anterior canal. Inner lip smooth, 
definitely limited, excavated. 

Holotype in Dominion Museum. 

Height, 6 mm.; diameter, 2.5 mm. 

Easily distinguished from P. transenna Suter and P. antecostata 
Suter by the strong basal spirals. 

Genus acuminu Dali, 1908. 

Type : Terebra lanceata Linne. 

Acomiuia transitorsa n. sp. (Fig. 69.) 

SheU of moderate size, acuminate, turriculate. Spire 3^ times 
height of aperture. Whorls cylindrical, bulging noticeably just below 
the suture, body-whorl with base quickly contracting to short, dightly 
twisted neck bearing well marked faseiole which is sharply limited 
exteriorly by narrow ridge. Protoconch not preserved in available 
specimens but probably polygyrate with small nu4eus. Sculpture 
of about 22 low, narrow, flexuous adals with wide fiiat interspaces. 
Aperture rhomboid, produced below into deeply-notched canal Outer 
lip with broad shallow sinus above and another on base. CclumtUu 
smooth, twisted to canal but with no other fold. 

Holotype in collection of N.Z, Geological Survey. 

Height, about 42 mm.; diameter, 8.5 mm. 

This shell is readily distinguished from the common one at 
Target Gully by the more-transvOTse ooilmg of the whoiis owing to 
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their greater comparatiye width. Also the well-developed bulge 
below the suture gives a more-strougly gradate outline. Suter always 
identified the Target Gully shell as his T. orycta, but the type of 
that species is too poorly preserved for diagnosis. Topotypes should 
be collected and compared with the Target Gully specimens. 


Acuminia suteii n. sp. (Fig. 70.) 

Shell elongate, conic; spire about twice height of aperture. Proto- 
conch polygyrate, subconie, with small nucleus. Post-embryonic 
whorls seven, almost fiat on spire. Body-whorl angled at periphery 
which is followed by suture. Base convex, contracting quickly to 
short twisted neck which bears strongly marked fasciole bounded 
exteriorly by a ridge. Sculpture: each later whorl with 14 strong, 
narrow axial ribs with wide concave interspaces. The ribs are 
slightly higher at both ends and stop suddenly just below the peri- 
phery. Whole surface with numerous, dose, waved lirae. Aperture 
subquadrangular, produced below into short twisted canal with deep 
anterior notch. Columella smooth, twisted below to form the canal. 
Inner lip smooth, obliterating sculpture of base and fasciole appar- 
ently by solution. 

Holotype in collection of N.Z. Geological Survey. 

Height, 13.5 mm. ; diameter, 5 mm. 

Distinguished by the broad apical angle, angled periphery and 
quickly-contracting base. 


Genus acteon Montfort, 1810. 

Type: Valuta tornaiilis Linne. 

Acteon cbattonensis n. sp. (Fig. 66.) 

Shell somewhat small. Protoconch low, nucleus tilted inwards. 
Post-embryonic whorls about 3^. Suture plainly marked, inclined 
to become channelled on weathering. Sculpture: spire-whorls smooth, 
last with spiral line bordering suture; body-whorl with two incised 
spiral lines below suture then smooth over curve of shoulder. Between 
line of suture and anterior end of body are about 17 incised, spaced 
spirals, upper four or five distant and having a weaker spiral in each 
interspace, lowest ones close together, the interspaces being like 
threads. Faint regular growth-lines cover whole shining surface and 
arc stronger in the spiral grooves. Columella with a single strong 
fold. 

Holotype in collection of N.Z. Geological Survey. 

Height, 4.2 mm.; diameter, 2.75 mm. 

Genus RiNaioimA Deshayes, 1838. 

Type : AurictUa ringens Lamarck. 

Bingionla cutigata n. sp. (Fig. 64.) 

Shell minute, ovate; spire about | height of aperture. Whorls 
about four, convex. Protoconde smooth, paudspiral, with slightly- 
tilted nucleus. SesdpUire of distant indeed lines bc^nnis^ about end 
of second whorl, but weak on spire. Penultimate whorl with 6 spirals 
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on the side, a smooth band, caused by the omission of a spiral on 
curve of shoulder, above this a spiral groove forms a border below 
suture. Body-whorl with two grooves close below suture, then smooth 
space, then about 16 or 18 grooves, top 5 of which are further spaced 
than others. Outer lip much thickened and reflexed, curving forward 
below. Columella with two strong folds. Inner lip forming another 
calloused fold on the parietal wall. 

Holotype in collection of N.Z. Geological Survey. 

Height, 1.5 mm.; diameter, 1.1 mm. 

The smooth band is not always present, for on some specimens 
the spirals are continuous. 
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Figs. 1, 3. — JilueulQ vestigia n. sp., holotype X P* ^06. 

Pigs. 2, 5. — Nucuiana probelhUa n. sp., holotype X 4.5, p. 907. 

Pigs. 4, 6 . — Nucula terHor n. sp,, holotype X 10, p. 906. 

Pigs. 7. 9 . — Maoritellina imhellica n. sp., holotype X 6, p. 913. 

Pig. 8 . — Cyclopecten compitum n.8p., holotype X 20, p. 909. 

Pigs. 10, 11, 12. — ChaPtonia animtUa n. gen. n. sp., holotype and paratype 
_ X 6, p. 909. 

Pig. 13. — Pholadidea increnata n. sp., holotype X 2, p. 914. 

Pigs. 14, 16. — lAtnopsis parma n. sp., holotype X 1.5, p. 908. 
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f^os. 16, n.—ottrea {(Hoantostrea) vxMattoni IHnlay. X .6, p. 908. 
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Pigs. 29, Sl.-Tenencarm paella n. sp., holotype X S.8. p. 910. 
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Figs. 43, 45, 46 . — ElachorMs duplicarina n. sp., holotype X 18, p. 915. 
Fig. 44 . — AntisolaHum viwincisum n. sp., holotype X 9.5, p. 916. 

Figs. 47, iB.’—Zeccolpu$ chattonensis n. sp., paratype X 1.2, holo- 
type X 2.4, p. 916. 

Fig. 48 .— autherlandi n, sp,, holotype X 1-2. P. 817. 

Figs* 60, 51.— Jifcoricrypta aaXelrosa n. sp., holotype X 1*2, p. 918, 
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Figs. 62, 63, 67, 61 . — Turhontlla (Binoturbomlla) cliattonensts n. sp., 
holotype and paratype X 10, p. 920. 

Fig. 64 . — Symola vxUlacei n. sp., holotjrpe X 10, p. 919. 

Fig. 66. — Syrnola aclyformis n. sp., holotype X 10, p. 920. 

Fig. 66 . — Brato maarshMi n. sp., holotype X 12, p. 922. 

Figs. 68, h^,--^igapa^lla mapalia n. sp., holotype X S, p. 918. 

Fig. 60, — 04>OBtomia alexanOeri n. sp., holotype X 7, p. 919. 

Fig. 62. — JPoHnioes htaesuB n. sp., holotype Xl-2, p. 919. 

Fig* 63 . — ZefaHloekt ehattonenHs n. sp., holotype X 1.2, p. 917. 
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Fid. 64, — RingictUa castigata n. sp., holotype X 20, p. 925. 

Figs. 65, 68 . — Xymenella tnamhittosa n. sp., holotype X 7, p. 921. 

Fig. 66 . — Aeteon chattonenns n. sp., holotype X 8, p. 925. 

Fig. 67 . — Pnoximitra tnctsula n. sp., holotype X 8, p. 920. 

Fig. 69. — Acuminia transitorsa n. sp., holotype X 2, p. 924. 

Fig. 70 . — Acuminia suteri n. sp., holotype X 3.7, p. 925. 

Fig. 71 . — Auatrotoma tnaegua^tUs n. sp., holotype X 1-8, p. 922. 

Fig. 72 . — Austrotoma toreuma n. sp., holotype X 1-8, P. 923. 

FIG. 73 . — Baryspira electa n. sp., holotype X 1.8, p. 921. 

Fig. 74. — AustrodrilUa cinctuta n. sp., holotype X 6, p. 922. 

Fig. 75 . — Phenatmna (Cryptomclla) crassispiralis n. sp., holotype* 

X 6, p. ^1^4. 
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JAMBS ALLAN THOMSON. 1881-1928. 

Jaduss Ai^iAN Thomson, who died on 6th May, was one of the most 
distinguished of the men of science New Zealand has produced. Bom 
in Dunedin in 1881 he had a successful school and college career, 
and won all the the usual honours and distinctions that the University 
confers on its students whu display capacity and originality. He spec- 
ialized in Geology, having inherited a marked bent in the direction 
of natural science from his father, G. M, Thomson, a naturalist of 
no mean ability, an aptitude developed and stimulated by the 
influence of Dr. P. Marshall who had a little earlier been appointed 
to the charge of this geological department at Ota^ University. 
His marked academic ability, his keen enthusiasm in University 
matters, and his fondness for and success in athletics were very 
largely responsible for his being elected the first Rhodes Scholar for 
New Zealand. He was also awarded the Exhibition Science Scholarship, 
and in the year 1905 he entered at St. John’s College, Oxford, where 
he won the Burdett-Coutts Scholarship in Geology and was appointed 
Demonstrator and finally, in 1907, Lecturer in the subject at the 
College. Next year he was appointed Demonstrator in Petrology to 
the University of Oxford — a new position. He had the good fortune 
to be associated in his work there with Professor Sollas, whose wide 
and varied scientific attainments, as well as his inspiring personality, 
were responsible for broadening and developing an intellect naturally 
suscepti^ to such influences. 

In 1908 he went to Australia with Dr. Maclaren, to report 
specially on the geological conditions of the West Australian gold- 
fields, 1^ training in petrology both at Dunedin and at Oxford ^ing 
of the highest vidue in dealing with such a difficult problem, and it 
was for scientific work on the petrology of the West Australian gold 
bearing rocks and their relations that he was in 1912 awarded the 
degree of D.Se. by the University of New Zealand. 

In 1909 he married Miss Gertrude Kean, who pre-deceased him 
by several years, and they have left two children to maintain and 
keep burning the lamps of life and learning. 

In 1910 he was proposed as chief of the scientific staff to the 
Scott Antarctic Expedition, but unfortunately failed to pass the 
medical test, and after an interval spent in recruiting his health, 
having contracted, at Sydney, a chest trouble which never left him, 
he yras appointed Palaeontologist to the New Zealand Geological 
Survey, a new post which afforded him opportunities for open-air 
work for a great part of the summer season under most favourable 
conditions. During the time he acted in that capacity he amassed a 
fund of toowledge and acquired ui intimate acquaintance with the 
field occurrence of our Tertiaiy Mollusea and, above all, of the 
Brachiopoda whidi later helped him substantially with what must 
be regarded as Ms most important sdentifle work. 

IiLZ 
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In 1914 he was appointed to the position of Director of the 
Dominion Museum in Wellin^on, a post he filled till his death, and 
in the same year he was appointed one of the four Government repre- 
sentatives on the Board of Governors of the New Zealand Institute. 

While carrying on his duties as Director he continued his geologi- 
cal work as occasion allowed, although his health was not good, but 
his superabundant optimism and unfailing courage enabled him to 
carry out investigations that a less determined and enthusiastic man 
would have found impossible. His geological work was mostly con- 
cerned with our Cretaceous and Tertiary sequence, and to him may 
be credited very largely the use of stage names, the conception of 
the existence of diastrophic provinces in the New Zealand area, and 
the recognition of the weakness of the Lyellian criterion for the 
determination of the age of the different horizons of our Tertiary 
sequence on the basis of the percentage of living speies unless due 
weight be given to the possible presence of species at particular 
horizons by implication,’ a criterion which demands a more thorough 
knowledge of the occurrence of species in various localities than we 
possess at present. 

Thomson’s main work, however, concerns the Brachiopods, of 
which he made a thorough study, basing his conclusions on material 
collected during the time spent in Palaeonlogical field work and on 
the collections in various museums and in the hands of the New 
Zealand Geological Survey. He also had the Brachiopod material 
collected during the Australasian Antarctic Expedition submitted to 
him for examination, and his report on the * Brachiopoda ’ is one of 
the numbers issued by the publication committee of that expedition. 
In this he summarises ably the evidence for the existence of land 
connections in the southern region of the Southern Hemisphere from 
the Mesozoic Era onward with particular reference to the connections 
existing in late Tertiary times. This monumental work established 
his reputation as an authority on the group. During the period 
between its issue (1918) and his death he contributed various papers 
on Brachiopod Morphology to the Transactions of the New Zealand 
Institute, the Annals and Magazine of Natural History and to other 
publications, and finally completed his labours in that direction by 
the production of the volume on * Brachiopod Morphology,’ which 
embodied his mature opinions on the structure and phyllogeny of the 
Tertiary members of the group. This work appeared only a few 
months before his death, and accentuated the lovss to science that this 
untimely event entailed. 

In addition to these lines of investigation, Thomson devoted 
considerable time to other departments of geology, specially to the 
framing of a satisfactory scheme of Tock classification, to the study 
of our volcanoes, and those of the mid-Pacific Region, the latter 
following on a visit he paid to Hawaii and Samoa on the occasion of 
the meeting of the First Pan-Pacific Science Conference in Honolulu. 

An idea of his activity may be gathered on a reading of the 
list of his papers published from 1906 to 1927, given in the New 
Zealand Journal of Science and Technology for July, 1928, which 
contains no less than 68 titles. 
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I have dealt at length with his achievements in the domain of 
pure science, but he also filled the position of Ddrector of the Dominion 
Museum with distinction. Such a position demands a wide range of 
scientific attainment and an attitude sympathetic to many phases of 
thought, and this he exhibited in a marked degree. In his manage- 
ment of the Museum he was hampered with lack of funds, the incubus 
of an old and unsuitable building and the absence of any marked 
public interest in the institution, difficulties which he did his best 
to overcome in spite of health conditions. He was ever considerate 
of the interests of other museums, and no fairer minded colleague 
could possibly have existed or one more careful of the feelings or 
sympathetic with the ambitions and hopes of others. Purely in the 
desire of helping other institutions he arranged for the first Museum 
Conference in New Zealand and did his best to see that its recommen- 
dations were carried into effect. 

He was Secretary to the Board of Science and Art from its 
inception in 1916, and editor of the New Zealand Journal of Science 
and Technology, issued by the Board in 1918, until 1921, when ill- 
health compelled him to surrender the editorial duties to others. 

As head of the Dominion Museum he was frequently called on 
by the Government officials to advise them on all sorts of questions 
arising in connection with scientific matters and scientific institutions, 
and with the enforcement of regulations with regard to permits, etc., 
and in all cases he acted not only with most scrupulous fairness to 
th(' Government but also so as to smooth out anj' difficulties in the 
Avay of wishes of the institutions or persons concerned. He was the 
soul of tact and of upright and sympathetic administration. 

lie was very largely responsible for the initiation of a Govern- 
ment Department for the correlation and development of scientific 
res('arch within the Dominion, and he furinshed a noteworthy report 
in connection therewith whose lines arc verj’ closely followed in the 
l)resent Department of Scientific and Industrial Research. 

Enough has been said to indicate the influence which he exei’ted 
on various phases of the .scientific activity of the country, and it will 
be generally recognized that his schemes were built on broad and 
solid foundations. The New Zealand Institute has endorsed this 
opinion in various ways. He was elected an Original Fellow of the 
Institute, was awarded the Hutton Medal for his researches in Geo- 
logj’, represented it on various occasions at conferences abroad, and 
was elected its President at the meeting held in January' of the 
])resent year, a position he held at his death. 

In addition to his scientific attainments he had a generous dis- 
position and a cheerful and optimistic outlook on life; he was an 
agreeable and a generous companion, and specially so in the field, 
with a keen sense of humour, and was one who regarded his duty 
to his country, his profession, his friends, as well as those he differed 
with, as above all personal consideration whatsoever. 

B.S. 
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NEW ZEALAND INSTITUTE ACT, 1908. 

1908, No. 130. 

An Act to consolidate certain Enactments of the General Assembly 
relating to the New Zealand Institute. 

Be it enacted by the Qoneral Assembly of New Zealand in Parlia- 
ment assembled, and by the authority of the same, as follows : — 

1. (1.) The Short Title of this Act is the New Zealand Institute 
Act, 1908. 

(2.) This Act is a consolidation of the enactments mentioned in 
the Schedule hereto, and with respect to those enactments the follow- 
ing provisions shall apply: — 

(а) The Institute and Board respectively constituted under those 

enactments, and subsisting on the coming into operation of 
this Act, shall be deemed to be the same Institute and Board 
respectivdy constituted under this Act without any change 
of constitution or corporate entity or otherwise; and the 
members thereof in ofiSce on the coming into operation of 
this Act shall continue in office until their suceessors under 
this Act come into office. 

(б) All Orders in Council, regulations, appointments, societies in- 

corporated with the Institute, and generally all acts of 
authority which originated under the said enactments or any 
enactment thereby repealed, and are subsisting or in force 
on the coming into operation of this Act^ shall enure for 
the purposes of this Act as fully and effectually as if they 
had originated under the corresponding provisions of this 
Act', and accordingly shall, where necessary, be deemed to 
have so originated. 

(c) All property vested in the Board constituted as aforesaid 
shall be deemed to be vested in the Board established and 
recognised by this Act. 

(d.) All matters and proceedings commenced under the said 
enactments, and pending or in progress on the coming into 
operation of this Act, may be continued, completed, and 
enforced under this Act. 

2. (1.) The body now known as the New Zealand Institute (here- 
inafter referred to as “the Institute ”) shall consist of the Auckland 
Institute, 'the Wellington Philosophical Society, the Philosophical 
Institute of Canterbury, the Otago Institute, the Hawke’s Bay Philo- 
sophical Institute, the Ndson Institute, the Westland Institute, the 
Southland Institute, and such others as heretofore have been or may 
hereafter be incorporated therewith in accordance with regulations 
heretofore made or hereafter to be made by the Board of Governors. 

(2.) Members of the above-named incorporated societies shall be 
ipso facto members of the Institute. 
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3. The control and management of the Institute shall be vested in 
a Board of Governors (hereinafter referred to as “the Board "), con- 
stituted as follows : — 

The Governor: 

The Minister of Intemsd ^airs : 

Four members to be appointed by the Governor in Council, of 
whom t'wo shall be appointed during the month of Decem- 
ber in every year. 

Two members to be appointed by each of the incorporated 
societies at Auckland, Wellington, Christchurch, and Dun- 
edin during the month of December in each alternate year j 
and the next year in which such an appointment shall be 
made is. the year one thousand nine hundred and nine. 

One member to be appointed by each of the other incorporated 
societies during the month of December in each alternate 
year ; and the next year in which such an appointment shall 
be made is the year one thousand nine hundred and nine. 

4. (1.) Of the members appointed by the Governor in Council, the 
two members longest in office without' reappointment shall retire 
annually on the appointment of their successors. 

(2.) Subject to the last preceding subsection, the appointed mem- 
bers of the Board shall hold office until the appointment of their 
successors. 

5. The Board shall be a body corporate by the name of the “ New 
Zealand Institute,” and by that name shall have perpetual succession 
and a common seal, and may sue and be sued, and shall have power 
and authority to take, purchase, and hold lands for the purposes 
hereinafter mentioned. 

6. (1.) The Board shall have power to appoint a fit person, to be 
known as the “ President,” to superintend and carry out all neces- 
sary work in connection with the affairs of the Institute, and to 
provide him with such further assistance as may be required. 

(2.) The Board shall also appoint the President or some other 
fit person to be editor of the Transactions of the Institute, and may 
appoint a committee to assist him in the work of editing the same. 

(3. The Board shall have power from time to time to make regu- 
lations under which societies may become incorporated with the 
Institute, and to declare that any incorporated society shall cease to 
be incorporated if such regulations are not complied with; and such 
regulations on being published in the Gazette shall have the force 
of law. 

(4.) The Board may receive any grants, bequests, or gifts of books 
or specimens of any kind whatsoever for the use of the Institute, and 
dispose of them as it thinks fit. 

(5.) The Board shall have control of the property from time to 
time vested in it or acquired by it; and shall make regulations for the 
management of the same, and -for the encouragement of research 
the members of the Institute; and in all matters, speeifled or un- 
specified shall have power to act for and on behalf of tiie Institafia 

7. (1.) Any casual vacancy in the Board, howsoevw caused, shall 
be filled within three months by the society or authority that a^- 
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pointed the moiiiher whose place has become vacant, and if not dlled 
witW that time the vacancy shall be filled by the Board. 

(2.) Any person appointed to fill a casual vacancy shall only hold 
office for such period as his predecessor would have held office under 
this Act. 

8. (1.) Annual meetings of the Board shall be held in the month 
of January in each year, the date and place of such annual meeting 
to be fixed at the previous annual meeting. 

(2.) The Board may meet during the year at such other times and 
places as it deems necessary. 

(3.) At each annual meeting the President shall present to the 
meeting a report of the work of the Institute for the year preceding, 
and a balance-sheet, duly audited, of all sums received and paid on 
behalf of the Institute. 

9. The Board may from time to time, as it sees fit, make arrange- 
ments for the holding of general meetings of members of the Institute, 
at times and places to be arranged, for the reading of scientific papers, 
the delivery of lectures, and for the general promotion of science in 
New Zealand by any means that may appear desirable. 

10. The Minister of Finance shall from time to time, without fur- 
ther appropriation than this Act, pay to the Board the sum of five 
hundred pounds in each financial year, to be applied in or lowariis 
payment of the general current expenses of the Institute. 

11. Forthwith upon the making of any regulations or the publica- 
tion of any Transactions, the Board shall transmit a copy thereof to 
the Minister of Internal Affairs, who shall lay the same before Parlia- 
ment if sitting, or if not, then within twenty days after the com- 
mencement of the next ensuing session thereof. 

SCHEDllLE. 

Enactments consolidated. 

1903, No. 48. The New Zealand Institute Act, 1903. 

NEW ZEALAND INSTITUTE AMENDMENT ACT, 1920. 

1920, No. 3. 

An Act to amend the New Zealand Institute Act, 1908. 

[30th July, 1920. 

Be it enacted by the General Assembly of New Zealand in Parlia- 
ment assembled, and by the authority of the same, as follows : — 

1. This Act may bo cited as the New Zealand Institute Amendment 
Act, 1920, and shall be read together with and deemed part of the New 
Zealand Institute Act, 1908. 

2. Section ten of the New Zealand Institute Act, 1908, is hereby 
amended by omitting the words “five hundred pounds,” and sub- 
stituting the words “ one thousand pounds.” 


From the Finance Act, 1925, No. 51. 

7. (1.) The Minister of Finance shall, without further authority 
than t]^ section, pay to the Board of Governors of the New Zealand 
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Institute the sum of one thousand five hundred pounds in each finan- 
cial year, commencing with the year beginning on the first day of 
April, nineteen hundred and twenty-five, to be applied in or towards 
payment of the general expenses of the Institute. 

(2.) This section is in substitution for section ten of the New Zea- 
land Institute Act, 1908, and that section and the New Zealand Insti- 
tute Amendment Act, 1920, are hereby repealed. 

REGULATIONS. 

The following are the regulations of the New Zealand Institute under 
the Act of 1903: — • 

The word “ Institute ” used in the following regulations means 
the New Zealand Institute as constituted by the New l^aland Institute 
Act, 1903. 

Incorporation op Societies. 

1. No society shall be incorporated with the Institute under the 
provisions of the New Zealand Institute Act, 1903, unless such society 
shall consist of not less than twenty-five members, subscribing in the 
aggregate a sum of not' less than i2b sterling annually for the pro- 
motion of art, science, or such other branch of knowledge for which 
it is associated, to be from time to time certified to the satisfaction 
of the Board of Governors of the Institute by the President for the 
time being of the society. 

2. Any society incorporated as aforesaid shall cease to be incor- 
porated with the Institute in case the number of the members of the 
said society shall at any time become less than twenty-five, or the 
amount of money annually subscribed by such members shall at any 
time be less than £25. 

3. The by-laws of every society to be incorporated as aforesaid 
shall provide for the expenditure of not less than onci-third of the 
annual revenue in or towards the fomation or support of some local 
public museum or library, or otherwise shall provide for the contribu- 
tion of not less than one-sixth of its said revenue towards the 
extension and maintenance of the New Zealand Institute. 

4. Any society incorporated as aforesaid which shall in any one 
year fail to expend the proportion of revenue specified in Regulation 
No. 3 aforesaid in manner provided shall from henceforth cease to be 
incorporated with the Institute. 

PUBUCATIONS. 

5. AH papers read before any society for the time being incorpor- 
ated with the Institute shall be deemed to be communications to the 
Institute, and then may be published as Proceedings or Transactions 
of the Institute, subject to the following regulations of the Board of 
the Institute regarding publications: — 

(a.) The publications of the Institute shall consist of — 

(1.) A current abstract of the proceedings of the socie- 
ties for the lime being incorporated with the Institute, to be 
intituled “ Proceedings of the New Zealand Institute 


•New Zealand Gazette, 14th July, 1904. 
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(2.) And of transactions comprising papers read before 
the incorporated societies (subject, however, to selection as 
hereinafter mentioned), and of such other matter as the 
Board of Governors shall from time to time determine to 
publish, to be intituled “Transactions of the New Zealand 
Institute.’^ 

(6.) The Board of Governors shall determine what papers are to 
be published. 

(c.) Papers not recommended for publication may be returned to 
their authors if so desired. 

(d.) All papers sent in for publication must be legibly written, 
typewritten, or printed. 

(e.) A proportional contribution may be required from each 
society towards the cost of publishing Proceedings and 
Transactions of the Institute. 

(/.) Each incorporated society will be entitled to receive a propor- 
tional number of copies of the Transactions and Proceed- 
ings of the New Zealand Institute, to be from time to time 
fixed by the Board of Governors. 

Management of the Property of the Institute. 

6. All property accumulated by or with funds derived from incor- 
porated societies, and placed in charge of the Institute, shall be 
vested in the Institute, and be used and applied at the discretion of 
the Board of Governors for public advantage, in like manner with 
any other of the property of the Institute. 

7. All donations by societies, public Departments, or private indi- 
viduals to the Institute shall be acknowledged by a printed form of 
receipt and shall be entered in the books of the Institute provided 
for that purpose, and shall then be dealt with as the Board of 
Governors may direct. 

Honorary Members. 

8. The Board of Governors shall have power to elect honorary 
members (being persons not residing in the Colony of New Zealand), 
provided that the total number of honorary members shall not exceed 
thirty. 

9. In case of a vacancy in the list of honorary members, each 
incorporated society, after intimation from the Secretary of the Insti- 
tute, may nominate for election as honorary member one person. 

10. The names, descriptions, and addresses of persons so nomin- 
ated, together with the grounds on which their election as honorary 
members is recommended, shall be forthwith forwarded to the Presi- 
dent of the New Zealand Institute, and shall by him be submitted to 
the Governors at the next succeeding meeting. 

Additional Regulation adopted hy Board of Governors on 30th Janu- 
ary, 1923, and published in the New Zealand Gazette of 
28th May, 1925. 

10a. Vacancies in the list of honorary members shall be announced 
at each annual meeting of the Board of Governors, and such an- 
nouncement be communicated as early as possible to each incorporated 
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society, and each such society shall on or before the 1st December 
nominate one person for each vacancy as honorary member, and the 
election shall take place at the next annual meeting of the Board 
of Governors. 


Genebaii Begulatioks. 

11. Subject to the New Zealand Institute Act, 1908, and to the 
foregoing rules, all societies incorporated with the Institute shall be 
entitled to retain or alter their own form of constitution and the by- 
laws for their own management, and shall conduct their own affairs. 

12. Upon application signed by the President' and countersigned 
by the Secretary of any Society, accompanied by the certificate 
required under Regulation No. 1, a certificate of incorporation will 
be granted under the seal of the Institute, and will remain in force 
as long as the foregoing regulations of the Institute are complied with 
by the society. 

13. In voting on any subject the President’ is to have a deliberate 
as well as a casting vote. 

14. The President may at any time call a meeting of the Board, 
and shall do so on the requisition in writing of four Governors. 

15. Twenty-one days’ notice of every meeting of the Board shall 
be given by posting the same to each Governor at an address furnished 
by him to the Secretary. 

16. In case of a vacancy in the office of President, a meeting of 
the Board shall be called by the Secretary within twenty-one days 
to elect a new President. 

17. The Governors for the time being resident or present' in 
Wellington shall be a Standing Committee for the purpose of tran- 
sacting urgent business and assisting the officers. 

18. The Standing Committee may appoint persons to perform the 
duties of any other office which may become vacant. Any such 
appointment shall hold good until the next meeting of the Board, 
when the vacancy shall be filled. 

19. The foregoing regulations may be altered or amended at' any 
annual meeting, provided that notice be given in writing to the 
Secretary of the Institute not later than 30th November. 

The following additicnal regulations, and amendment to regula- 
tions, were adopted at a general meeting of the Board of Governors 
of the New Zealand Institute, held at Wellington on the 30th January. 

1918, and at Christchurch on the 3rd February, 1919. (See New Zea- 
land Gazette, No. llO, 4th September, 1919.) 

Regulatioks governing the Fellowship op the Inst itute . 

20. The Fellowship of the New Zealand Institute shall be an 
honorary distinction for the life of the holder. 

21. The Original Fellows shall be twenty in number, and shall 
include the past’ Presidents and the Hutton and Hector Medallists 
who have held their distinctions and positions prior to February, 

1919, and who at that date are members of the Institute. The remain- 
ing Ori^nal Fellows shall be nominated as provided fot in R^iula- 



Reg^datioi». 947 

tion 26 (a), and shall be elected by the said past' Presidents and 
Hector and Hatton Medallists. 

22. The total number of Fellows at any time shall not be more 
than forty. 

23. After the appointment and dection of the Original Fellows, 
as provided in Begalation 21, not more than four Fellows shall be 
elected in any one year. The number to be elected in any year shall 
be decided by the Board of Governors at the previous annual meeting. 

24. The Fellowship shall be given for research or distinction in 
science. 

25. No person shall be nominated or elected as Fellow unless he 
has been a member of the N.Z. Institute for three years immediately 
preceding his nomination, or for five years at any period preceding 
his nomination. 

26. After the appointment and election of the Original Fellows 
as provided in Begalation 21 there shall be held an annual election 
of Fellows at such time as the Board of Governors shall appoint. 
Such election shall be determined 'as follows: — 

(a.) Each of the incorporated societies at' Auckland, Wellington, 
Christchurch, and Dunedin may nominate not more than 
twice as many persons as there are vacancies, and each of 
the other incorporated societies may nominate as many 
persons as there are vacancies. Each nomination must be 
accompanied by a statement of the qualifications of the 
candidate for Fellowship. 

(6.) Out of the persons so nominated the Fellows resident in 
New Zealand shall select twice as many persons as there are 
vacancies, if so many be nominated. 

(c.) The names of the nominees shall be -submitted to the Fellows 
at least six months, and the names selected by them sub- 
mitted to the Governors at least three months, before the 
date fixed for the aimual meeting of the Board of Governors 
at which the election is to take place. 

(d.) The election shall be made by the Board of Governors at the 
annual meeting from the persons selected by the Fellows. 

(e.) The methods of selection in subclause (b) and of the election 
in Bub-dause (d) shall be determined by the Board of 
Governors. 

if.) The official abbreviation of the title “Fellow of the New 
Zealand Institute” shall be “F.N.Z.Inst.” 


Additional Regulation adopted hy Board of Governors on 30th 
January, 1923, and published in the New Zealand Gazette of 
28th May, 1925. 

26a, The consent of the cahdidate must be obtained in writing. 

The information regarding each candidate shall be condensed to 
one foolscap sheet tA typewritt«i matter. 

When a candidate is proposed by more than one society it shall 
be sufficient to circulate to voters tiie information supplied by one 
society. 
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Subsection (e) shall be rescinded, and the following inserted: 

Method of tSelecUon in Subclause (b) and of Election in Subclause (d) 

Names of Candidates, In Alphabetical Order. X 

Apple, Charles 

Brown, John 

Smith, James 

There are vacancies to be filled. Place a cross in the 

column marked X against the name of each candidate for whom you 
wish to vote. The vote will be invalid if — 

(u,) More than the required number is voted for on the paper: 
(6) The voter signs the voting-paper: 

(c.) The voting-paper is not returned on the date announced. 

Amendment to Eegulations. 

Regulation 5 (a) of the regulations published in the New Zealand 
Gazette on the 14th July, 1904, is hereby amended to read: — 

'‘(a.) The publications of the Institute shall consist of — 

(1.) Such current abstract of the proceedings of the 
societies for the time being incorporated with the Institute 
as the Board of Governors deems desirable ; 

(2.) And of transactions comprising papers read 
before the incorporated societies or any general meeting of 
the New Zealand Institute (subject, however, to selection as 
hereinafter mentioned), and of such other matter as the 
Board of Governors shall from time to time for special 
reasons in each case determine to publish, to be intituled 
Transactions of the New Zealand Institute,^* 

ADDITIONAL REGULATIONS. 

The following additional regulations,, made at various times by 
the Board of Governors under the New Zealand Institute Act, 1908. 
were adopted at a general meeting of the Board held on the 30th 
January, 1923. and published in the New Zealand Gazette of the 28th 
May, 1925. 

Board of Governors. 

Members of the Board of Governors shall not hold any paid office 
under the Board. 

General Regulations. 

The President shall be ex officio a member of all committees. 

The Hon. Editor shall be convener of the Publications Committee. 

The seal of the old Institute bearing the date of establishment as 
1867 shall be adopted as the seal of the New Zealand Institute recon- 
stituted by the New Zealand Institute Act, 1903, and continued by 
the New Zealand Institute Act, 1908. 

An abstract of all business transacted at each meeting of the 
Standing Committee shall be prepared and communicated to all 
members of the Board after each meeting. 

The quorum of the Standing Committee meetings shall be four. 
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Endowment Fund. 

A fund to be called an ‘‘ Endowment Fund ” shall be set up, the 
interest on which for any year may be spent for purposes of the 
Institute, but the capital may not be spent. 

All interest accruing from moneys deposited in the Institute’s 
General Account in the Post Office Savings-bank shall be credited 
to the Endowment Fund, unless otherwise allocated by the Board 
at the annual meeting at which the amount of the annual interest is 
reported. 

Trust Accounts. 

Trust-moneys — namely, the Carter, Hector, Hutton, and Hamil- 
ton Funds — shall, when deposited in the Post Office Savings-bank, be 
placed in separate accounts for each trust. • 


REGULATIONS FOR ADMINISTERING THE GOVERNMENT RESEARCH 

GRANT.* 

All grants shall be subject to the following conditions, and each 
grantee shall be duly informed of these conditions : — 

1. All instruments, specimens, objects, or materials of permanent 
value, whether purchased or obtained out of or by means of the grant, 
or supplied from among those at the disposal of the Institute, are to 
be regarded, unless the Research Grants Committee decide other- 
wise, as the property of the Institute, and are to be returned by the 
grantee, for disposal according to the orders of the committee, at the 
conclusion of his research, or at such other time as the committee may 
determine. 

2. Every one receiving a grant shall furnish to the Research 
Grants Committee, on or before the 1st January following upon the 
allotment* of the grant, a report (or, if the object of the grant be 
not attained, an interim report, to be renewed at the same date in 
each subsequent year until a final report can be furnished or the 
committee dispense with further reports), containing (a) a brief 
statement showing the results arrived at or the stage which the 
inquiry has reach^; (ft) a general statement of the expenditure in- 
curred, accompanied, as far as is possible, with vouchers; (c) a list 
of the instruments, specimens, objects, or materials purchased or 
obtained out of the grant, or supplied by the committee, which are at 
present in his possession; and (d) reference to any transactions, jour- 
nals, or other publications in which results of the research have been 
printed. In the event of the grantee failing to send in within three 
months of the said 1st January a report satisfactory to the committee 
he may be required, on resolution of the Board of Governors, to 
return the whole of the sum allotted to him. 

3. Where a grant is made to two or more persons acting as a 
committee for the purpose of carrying out some research, one member 


*ln addition to these regulations the Standing Committee Is also bound 
by certain resolutions which appear on page 5S6 of volupie 49, Trans. N.X 
Inst, and which grantees are also bound to observe. 
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of the said committee shall assume the responsibility of furnishing 
the report and x^ceiving and disbursing the money. 

4. Papers in wWch results are published that have been obt^ed 
through aid furnished by the Government grant should contain an 
acknowledgment of that fact. 

5. Every grantee shall, before any of the grant' is paid to him, 
be required to sign an engagement that he is prepared to carry out 
the general conditions applicable to aU ^ants, as well as any condi- 
tions which may be attached to his particular grant. 

6. In cases where specimens or preparations of permanent value 
arc obtained through a grant the conunittee shall, as far as possible, 
direct that such specimens shall be deposited in a museum or Univer- 
sity college within the province where the specimens or material were 
obtained, or in which the grantee has worked. The acknowledgment 
of the receipt of the specimens by such institution shall fully satisfy 
the claims of the Institute. 

7. In cases where, after completion of a research, the committee 
directs that any instrument or apparatus obtained by means of the 
grant shall be deposited in an institution of higher learning, such 
deposit shall be subject to an annual report from Ihe institution in 
question as to the condition of the instrument or apparatus, and as 
to the use that has been made of it. 

Additional Regulations adopted hy Board of Governors on 30th Janu- 
ary, 1923, and published in the New Zealand Gazette of 
28th May, 1925. 

8. Grants shall be given preferentially to investigations which 
appear to have an economic bearing; purely scientific investigations 
to be by no means excluded. When the research is one that leads to 
a direct economic advance the Goveriunent shall reserve to itself the 
right of patenting the discovery and of rewarding the discoverer, 
but it is to be understood that' grants from the research-grant vote are 
not in the nature of a reward or a prizb, but for out-of-pocket 
expenses incurred by the research worker, including salary or endow- 
ment of assistant, but not' salary for the grantee himself. Plants, 
books, apparatus, chemicals, &c., purchased for applicants are to 
remain the property of the Institute, and eventually to form a loan 
collection of apparatus in the manner now practised by the Royal 
Society of London. 

Finst method of initiating researches: Applications shall be in- 
vited for grants in aid of research to be specified by applicants. 

Second method of initiating researches: The Governors of the 
Inrtitute shall suggest from time to time subjects the investigation of 
which is desirable, and ask capable investigators to undert&e sueh 
researches, the Institute pa 3 dng for apparatus, material, and working- 
expenses, including assistance. 

9. All applications for grants shall come through some incorpor- 
ated society. 

10. In the case of a refusal to recommend a grant, the Standing 
Commi^e shall not give any reasons for its refusal, mileaa such 
reason is stated in the minutes of the Standing Committee’s meeting, 
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Reseabch Grants made during 1927 and 1928, 

Through the Auckland Institute : 

Mosquito Control Committee, £300 and £100 for continuation of 
its work. 

Mr. A. B. Brookes, £40, for study of the Coleoptera of the Islands 
oflE the Auckland Coast. 

Through the Wellington Philosophical Society: 

Professor D. C. H. Plorance, £38 for research on Oscillation 
Crystals and Supersonic Waves. 

Dr. G. H. Uttley, £35 for micrographic appartus for research on 
Bryozoa. 

Through the Philosophical Institute of Canterbury. 

Mr. E. W. Bennett, £200 for a Natural History Survey of Lake 
Forsyth. 

Dr. C. Coleridge Farr, £150 for continuation of Research on 
Helium. 

Mr. G. Jobbems, £25 for completion of work on Correlation of 
Shore Platforms on the North East Coast of the South 
Island. 

Professor R. Speight, £150 for Geological Report on Mt. Somers 
District. 

Dr. H. G. Denham, £75 for research on Essential Oil of Pinus 
Insignus. 

Through the Otago Institute : 

Dr. J. K. H. Inglis, £10 for continuation of research of Essential 
Oils of New Zealand Plants. 

Mr. F. J. Turner, £100 for Geological Expedition to Red Hills. 

Through the Nelson Institute; 

Dr. K. M. Curtis, 50 for Investigation into Diseases of Tomatoes. 

Dr. K. M. Curtis, 50 for Control of Black Rot in Hops. 

Mr. A, Philpott, £40 for collecting specimens of Lepidoptera of 
Mt. Cook District. 

Through the Manawatu Philosophical Society: 

Dr. G. H, Cunningham, £25 for Mycological Survey of the Tonga- 
riro National Park. 

Messrs. Wild and Zotov, £10 for research on Sexuality of New 
Zealand Coprosmas. 

BOARD OF SCIENCE AND ART. 

From the Science and Art Act, 1913, No. 22. 

8. (1.) There shall be a Board styled ‘‘ The Bo^rd of Science and 

Art,'' consisting of — 

The Minister of Internal Affairs. 

The Director of the Dominion Museum: 

The President of the New Zealand Institute 
Five persons to be appointed by the Governor-General in 
Council, each of whom shall hold office for three years from 
the date of his appointment. 


VMM 
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(2.) The Board shall sit in the City of Wellington at such times 
and places as shall be appointed from time to time by the Minister. 

(3.) Three of the members shall form a quorum. 

(4.) At all meetings of the Board the Minister, if present, shall 
be lie Chairman, and in his absence some member of the Board 
appointed by him in writing shall be Chairman. 

(5.) The Chairman shall have a deliberate vote, and in all cases 
of equality of votes shall have a casting-vote. 

(6.) The President of the New Zealand Institute may appoint in 
writing a deputy, being a Governor of the New Zealand Institute, to 
attend and act at any meeting of the Board in his place ; and such 
deputy, while so attending, shall be deemed to be a member of the 
Board. 


TONGAEIRiO NATIONAL PARK BOARD. 

From the Tongariro National Park Act, 1922, No. 31. 

5. (1.) The park shall be controlled and managed by a Board 
constituted as hereinafter provided, 

(2.) The Board shall be a body corporate under the name of the 
Tongariro National Park Board, with perpetual succession and a 
common seal, and shall, be capable of holding real and personal 
property and of doing and suifering all that bodies corporate may 
lawfully do or suffer. 

(3.) The Board shall consist of the following persons: — 

(a) The Minister of Lands: 

(6.) The paramount chief for the time being of the Ngatitu- 
wharetoa Tribe of the Native race if that chief is a 
lineal descendant of Te Heuheu Tukino, the donor 
of the Native land included in the area of the 
Tongariro National Park: 

(c.) The Mayors of the cities of Auckland and Wellington, 
(d.) The Warden of the Park: 

(e.) The Under-Secretary of the Department of Lands and 
Survey ; 

(/.) The General Manager of the Department of Tourist and 
Health Resorts : 

(p.) The Secretary of the State Forest Service: 

{h.) The President of the New Zealand Institute: 

{i) Not more than four persons to be appointed in that 
behalf by the Governor-General in Council. 


8. (1.) The first ordinary meeting of tho Board shall be held at 
such time and place as the Minister appoints, and subsequent ordinary 
meetings shall be held at such times and places ai^ the Board appoints. 

meetings of the Board may be called at any time by 
the Chairman, and he shall call one whenever any three members so 
request in writing. 
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Prom the Tongariro National Park Amendment Act, 1927, No. 46. 

Subsection three of section five of the principal Act is hereby 
amended by repealing paragraph (h) thereof, and substituting the 
following paragraph: — 

**(h) One member to bo appointed by the Board of Governors 
of the Now Zealand Institute, who shall hold office for 
three years from the date of his appointment, or until 
the appointment of his successor, and shall be eligible 
for reappointment. 


THE HUTTON MEMORIAL MEDAL AND RESEARCH FUND. 

Declaration of Trust. 

This deed, made the fifteenth day of February, one thousand nine 
hundred and nine (1909), between the New Zealand Institute of the 
one part, and the Public Trustee of the other part: Whereas the New 
Zealand Institute is possessed of a fund consisting now of the sum 
of five hundred and fifty-five pounds one shilling (£555 Is.), held for 
the purposes of the Hutton Memorial Medal and Research Fund on 
the terms of the rules and regulations made by the Governors of the 
said Institute, a copy whereof is hereto annexed; And whereas the 
said money has been transferred to the Public Trustee for the pur- 
poses of investment, and the Public Trustee now holds the same for 
such purposes, and it is expedient to declare the trusts upon which 
the same is held by the Public Trustee: 

Now this deed witnessetli that the Public Trustee shall hold the 
said moneys and all other moneys which shall be handed to him by 
the said Governors for the same purposes upon trust from time to 
time to invest the same upon such securities as are lawful for the 
Public Trustee to invest on, and to hold the principal and income 
thereof for the purposes set out in the said rules hereto attached. 

And it is hereby declared that it shall be lawful for the Public 
Trustee to pay all or any of the said moneys, both principal and 
interest, to the Treasurer of the said New Zealand Institute upon 
being directed so to do by a resolution of the Governors of the said 
Institute, and a letter signed by the Secretary of the said Institute 
enclosing a copy of such resolution certified by him and by the Presi- 
tdent as correct shall be sufficient evidence to the Public Trustee of 
the due passing of such resolution; And upon receipt of such letter 
and copy the receipt of the Treasurer for the time being of the said 
Institute shall be a sufficient discharge to the Public Trustee: And 
in no case shall the Public Trustee be concerned to inquire into the 
administration of the said moneys by the Governors of the said 
Institute. 

As witness the seals of the said parties hereto, the day and year 
hereinbefore written. 
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Resolutions of Boabd of Governors. 

Resolved by the Board of Ghivemors of the New Zealand Institute 
that— 

1. The funds placed in the hands of the Board by the committee 
of subscribers to the Hutton Memorial Fund be called “ The Hutton 
Memorial Research Fund,” in memory of the late Captain Frederick 
Wollaston Hutton, F.E.S. Such fund shall consist of the moneys sub- 
scribed and granted for the purpose of the Hutton Memorial, and all 
other funds which may be given or granted for the same purpose. 

2. The funds shall be vested in the Institute. The Board of 
Governors of the Institute shall have the control of the said moneys, 
and may invest the same upon any securities proper for trust- 
moneys. 

3. A sum not exceeding £100 shall be expended in procuring a 
bronze medal to be known as “ The Hutton Memorial Medal.” 

4. The fund, or such part thereof as shall not be used as aforesaid, 
shall be invested in such securities as aforesaid as may be approved 
of by the Board of Governors, and the interest arising from such in- 
vestment shall be used for the furtherance of the objects of the fund. 

5. The Hutton Memorial Medal shall be awarded from time to time 
by the Board of Governors, in accordance with these regulations, to 
persons who have made some noticeable contribution in connection 
with the zoology, botany, or geology of New Zealand. 

6. The Board shall make regulations setting out the manner in 
which the funds shall be administered. Such regulations shall con- 
form to the terms of the trust. 

7. The Board of Governors may, in the manner prescribed in the 
regulations, make grants from time to time from the accrued interest 
to persons or committees who require assistance in prosecuting 
researches in the zoology, botany, or geology of New Zealand. 

8. There shall be published annually in the Transactions of the 
New Zealand Institute the regulations adopted by the Board as afore- 
said, a list of the recipients of the Hutton Memorial Medal, a list of 
the persons to whom grants have been made during the previous year, 
and also, where possible, an abstract of researches made by them. 


Resolution regarding Investment of Funds {see Clause 4 above} 
adopted by Board on 30th January, 1923, and published in New 
Zealand Gazette of 28th May, 1925. 

That the fund known as the “Hutton Memorial Fund,” consisting 
of the principal originally placed by the Board of Governors in the 
hands of the Public Trustee, together with the interest accrued 
thereon, be withdrawn from the Public Trustee and reinvested in such 
securities as provided for by legislation covering trust-moneys, power 
to arrange details and to act being given jointly to the Hon. Secretary 
and the Hon. Treasurer acting conjointly. 

That until the Hutton Memorial I\md reaches the sum of £1,0(K1 
not less than 1 per cent, on the capital invested be added each year 
to the principal. 
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Regulations under which the Hutton Memorial Medal s hal l be 

AWARDED AND THE RESEARCH FUND ADMINISTERED. 

1. Unless in exceptional circumstances, the Hutton Memorial 
Medal shall be award^ not oftener than once in every three years ; 
and in no case shall any medal be awarded unless, in the opinion of 
the Board, some contribution really deserving of the honour has been 
made. 

2. The medal shall not be awarded for any research published 
previous to the 31st December, 1906. 

3. The research for which the medal is awarded must have a dis- 
tinct bearing on New Zealand zoology, botany, or geology. 

4. The medal shall be awarded only to those who have received 
the greater part of their education in New Zealand or who have 
resided in New Zealand for not less than ten years. 

5. Whenever possible, the medal shall be presented in some public 
manner. 

6. The Board of Governors may, at any annual meeting, make 
grants from the accrued interest' of the fund to any person, society, 
or committee for the encouragement of research in New Zealand 
zoology, botany, or geology. 

7. Applications for such grants shall be made to the Board before 
the 30th September. 

8. In making such grants the Board of Governors shall give 
preference to such persons as are defined, in regulation 4. 

9. The recipients of such grants shall report to the Board before 
the 31st December in the year following, showing in a general way 
how the grant has been expended and what progress has been made 
with the research. 

10. The results of researches aided by grants from the fund shall, 
where possible, be published in New Zealand. 

11. The Board of Governors may from time to time amend or alter 
the regulations, such amendments or alterations being in all cases in 
conformity with resolutions 1 to 4. 

Award of the Hutton Memorial Medal. 

1911. Professor W. B. Benham, D.Sc., F.R.S., University of 
Otago — For researches in New Zealand zoology. 

1914. Dr. L. Cockayne, F.L.S., F.R.S. — For researches in the 
ecology of New Zealand plants. 

1917. Professor P. Marshall, M.A., D.Sc. — ^For researches in New 
Zealand geology. 

1920. Rev. John E. Holloway, D.Sc. — For researches in New Zea- 
land pteridophsdic botany. 

1923. d. AUan Thomson, M.A., D.Sc., F.G.S., F.N.Z.Inst.— For 
researches in geology. 

1926. Charles Chilton, M.A„ D.Sc., Fi.S., C.MZ.S., F.N.Z.Inst. 
— ^For his continuous researches on the Amphipodous Crustacea of 
the Southern Hemisphere. 
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Grant from the Hutton Memorial Eesearch Fund. 

1919. Miss M. K.* Mestayer £10, for work on the New Zealand 
Mollusca. 

1923. Professor P. Marshall, M.A., D.Sc., F.N.Z.Inst. — ^£40, for 
study of Upper Cretaceous ammonites of New Zealand. 

1927. Miss M. K. Mestayer £30, for research on Brachiopoda and 
Mollusca. 

1928. Dr. C. Chilton £50, for research on New Zealand and An- 
tarctic Crustacea. 

Mr. J. H. Findlay £10, for research on New Zealand 

Mollusca. 


HECTOR MEMORIAL RESEARCH FUND. 

Declaration op Trust. 

This deed, made the thirty-first day of July, one thousand nine 
hundred and fourteen, between the New Zealand Institute, a body 
corporate duly incorporated by the New Zealand Institute Act, 1908, 
of the one part, and the Public Trustee of the other part; Whereas 
by a declaration of trust dated the twenty-seventh day of January, one 
thousand nine hundred and twelve, after reciting that the New Zea- 
land Institute was possessed of a fund consisting of the sum of £1,045 
10s. 2d., held for the purposes of the Hector Memorial Research Fund 
on the terms of the rules and regulations therein mentioned, which 
said moneys had been handed to the Public Trustee for investment, 
it was declared {inter alia) that the Public Trustee should hold the 
said moneys and all other moneys which should be handed to him by 
the said Governors of the Institute for the same purpose upon trust 
from time to time, to invest the same in the common fund of the 
Public Trust Office, and to hold the principal and income thereof for 
the purposes set out in the said rules and regulations} in the said 
deed set forth : And whereas the said rules and regulations have been 
amended by the Governors of the New Zealand Institute, and as 
amended are hereinafter set forth: And whereas it is expedient to 
declare that the said moneys are held by the Public Trustee upon the 
trusts declared by the said deed of trust and for the purposes set 
forth in the said rules and regulations as amended as aforesaid. 

Now this deed witnesseth and it is hereby deelared that the Public 
Trustee shall hold the said moneys and all other moneys which shall 
be handed to him by the said Governors for the same purpose upon 
trust from time to time to invest the same in the common fund of the 
Public Trust Office, and to hold the principal and income thereof for 
the purposes set out in the said rules and regulations hereinafter set 
forth: 

And it is hereby declared that it shall be lawful for the Public 
Trustee to pay, and he shall pay, all or any of the said moneys, 
both principal and interest, to the Treasurer of the said New Zealand 
Institute upon being directed to do so by a resolution of the Governors 
of the said Institute, and a letter signed by the Secretary of the said 
Institute enclosing a copy of such resolution certified by him and by 
the President as correct shall be sufficient evidence to the Public 
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Trustee of the due passing of such resolution : And upon receipt of 
such letter and copy the receipt of the Treasurer for the time being 
of the said Institute shall be a sufficient discharge ta the Public Trus- 
tee : And in no case shall the Public Trustee be concerned to inquire 
into the administration of the said moneys by the Governors of the 
said Institute. 

As witness the seals of the said parties hereto, the day and year 
first hereinbefore written. 

Rules and Regulations made by the Governors of the New Zealand 
Institute in relation to the Hector Memorial Research Fund. 

1. The funds placed in the hands of the Board by the Wellington 
Hector Memorial Committee shall be called ‘ ‘ The Hector Memorial Re- 
search Fund/’ in memory of the late Sir James Hector, K.C.M.G., 
F.R.S. The object of such fund shall be the encouragement of scien- 
tific research in New Zealand, and such fund shall consist of the 
moneys subscribed and granted for the purpose of the memorial and 
all other funds which may be given or granted for the same purpose. 

2. The funds shall be vested in the Institute. The Board of Go- 
vernors of the said Institute shall have the control of the said moneys, 
and may invest the same upon any securities proper for trust-moneys. 

3. A sum not exceeding one hundred pounds (£100) shall be 
expended in procuring a bronze medal, to be known as the Hector 
Memorial Medal. 

4. The fund, or such part thereof as shall not be used as afore- 
said, shall be invested in such securities as may be approved by the 
Board of Governors, and the interest arising from such investment 
shall be used for the furtherance of the objects of the fund by pro- 
viding thereout a prize for the encouragement of such scientific 
research in New Zealand of such amount as the Board of Governors 
shall from time to time determine. 

5. The Hector Memorial Medal and prize shall be awarded 
annually by the Board of Governors. 

6. The prize and medal shall be awarded by rotation for the 
following subjects, namely — (1) Botany, (2) chemistry, (3) ethno- 

(4) geology, (5) physics (including mathematics and astrono- 
my)? (6) zoology (including animal physiology). 

In each year the medal and prize shall be awarded to that investi- 
gator who, working within the Dominion of New Zealand, shall in the 
opinion of thei Board of Governors have done most towards the 
advancement of that branch of science to which the medal and prize 
are in such year allotted. 

7. Whenever possible the medal shall be presented in some public 
manner. 

Resolution regarding Investment of Funds (see Clause 4 above) 

adopted by Board on 30th January y 1923, and published in New 

Zealand Gazette of 28th May, 1925. 

That the fund known as the Hector Memorial Fund,” consisting 
of the principal originally placed by the Board of Governors in the 
hands of the Public Trustee, together with the interest accrued there- 
on, be withdrawn from the Public Trustee and reinvested in such 
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securities as provided for by legislation covering trust-moneys, power 
to arrange details and to act being ^ven jointly to the HoU. Secretary 
and the Hon. Treasurer acting conjointly. 

Award of the Hector Memorial Research Fuistd. 

1912.. L. Cockayne, Ph.D., F,L.S., F.B.S. — For researches in New 
Zealand botany. 

1913. T. H. Easterfield, M.A., Ph.D. — For researches in 

chemistry. 

1914. Elsdon Best — For researches in New Zealand ethnology. 

1915. P. Marshall, M.A., D.Sc., F.G.S. — For researches in New 

Zealand geology. 

1916. Sir Ernest Rutherford, F.R.S.— For researches in physics. 

; 1917. Charles Chilton, M.A., D.Sc., F.L.S., C.M.Z.S.— for re- 

searches in zoology. 

1918. T. F. Cheeseman, F.L.S., F.Z.S. — For researches in New 

Zealand systematic botany. 

1919. P. W. Robertson — ^For researches in chemistry. 

1920. S. Percy Smith — For researches in New Zealand ethnology. 

1921. R. Speight, M.A., M.Sc., F.G.S. — For work in New Zealand 

geology. 

1922. C. Coleridge Farr, D.Sc. — ^For research in physical science, 

and more particularly work in connection with the mag- 
netic survey of New Zealand. 

1923. G, V. Hudson, F.E.S., F.N.Z.Inst. — ^For researches in New 

Zealand entomology. 

1924. D. Petrie, M.A., F.N.Z.Inst. — For researches in New Zea- 

land botany. 

1925. B. C. Aston, F.I.C., F.N.Z.Inst. — For the investigation of 

New Zealand chemical problems. 

1926. H. D. Skinner, B.A. — ^For research in Ethnology. 

1927. D. M. Y. Sommerville, M.A., D.Sc., F.N.Z.Inst. — For 

his general mathematical work and particularly for his 
investigations in Non-Euclidean Geometry. 


HAMILTON MEMORIAL FUND. 

1. The fund placed in the hands of the Board by the Wellington 
Philosophical Society shall be called the “ Hamilton Memorial 
Fund ’ ' in memory of the late Au^stus Hamilton, Esq. Such fund 
Bhall consist of the moneys subscribed and granted for the purpose 
of the memorial and all other funds which may be given or granted 
for the same purpose. 

2. The fund shall be vested in the Institute. The Board of Go- 
vernors of the Institute shall have the control thereof, and shall invest 
the same in any securities proper for trust-moneys. 

3. The memorial shall be a prize, to be called the Hamilton 
Memorial Prize,’’ the object of which shall be the encouragement of 
beginners in pure scientific research in New Zealand. 

4. The prize shall be awarded at intervals of not less than three 
years by the Governors assembled in annual meeting, but in no cas^ 
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The Carter Bequest 

shall an award be made unless in the opinion of the Governors some 
contribution deserving the honour has been made. The first award 
shall be made at the annual meeting of the Governors in 1923. 

5. The prize shall be awarded for original pure scientific research- 
work, carried out in New Zealand or in the Islands ofl the South 
Pacific Ocean, which has been published within the five years preced- 
ing the first day of July prior to the annual meeting at which the 
award is made. Such publication may consist of one or more papers, 
and shall include the first investigation published by the author. No 
candidate shall be eligible for the prize who prior to such period of 
five years has published the result of any scientific investigation. 

6. The prize shall consist of money. Until the principal of the fund 
amounts to £100, one-half of the interest shall be added annually t’o 
the principal and the other half shall be applied in payment of the 
prize. So soon as the said principal amounts to £100 the whole of the 
interest thereon shall be applied in payment of the prize, in each case 
after the payment of aU expenses necessarily incurred by the Gover- 
nors in the investment and administration of the said fund and 
award of the said prize. 

7. A candidate for the prize shall send to the Hon. Secretary of 
the New Zealand Institute, on or before the 30th day of June pre- 
ceding the date of the annual meeting at which the award is to be 
made, an intimation of his candidature, together with at least two 
copies of each publication on which his application is based. 

8. Whenever passible the prize shall be presented in some public 
manner. 

Award of the Hamilton Memorial Prize. 

1923. J. G. Myers, M.Sc. 

1926. H. J. Finlay, M.Sc.; J. Marwick, M.A., D.Sc. 

THE CARTEE BEQUEST. 

Extracts from the Will of Charles Rooking Carter. 

This is the last will and testament of me, Charles Booking Carter, of 
Wellington, in the Colony of New Zealand, gentleman. 

I revoke all wills and testamentary dispositions heretofore made 

by me, and declare this to be my last will and testament. 

* * « • • 

I give to the Colonial Museum in Wellington the large framed 
photographs of the members of the General Assembly in the House 
of Representatives in the year 1860, and the framed pencil sketch 
of the old House of Commons, and the framed invitation-card to the 
Lord Mayor ^s dinner. 

• « « * * 

As regards the following books, of which I am the author, and 
which are now stored in three boxes — namely, (1) “ The Life and 
Recollections of a New Zealand Colonist, (2) “A Historical Sketch 
of New Zealand Loans, and (3) “Round the World Leisurely^’ — ^I 
direct that my executor shall retain • possession of the same for a 
period of seven years, commencing from the date of my death, and 
that at the end of such penod my executor shall place the same in 
the hands of Messrs. Whitcombe and Tombs (Limited) or some other 
capable and responsible booksellers in the City of Wellington, for 
sale, and so that the same shall be sold at such a price as will yield 
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to my estate not less than six shillings per volume in respect of the 
first-named and second-named, and two shillings and sixpence in 
respect of the last-named works ; and I further authorize my executor 
to sell and dispose of the copyright or right to reprint such works; 
and I direct that the moneys to be derivedi from the sale of such 
works and the privileges connected therewith shall be added to the 
sum provided f oi* the purchase of a telescope as hereinafter mentioned. 

I direct my executor to subscribe the sum of fifty pounds towards 
the erection of a suitable brick room in which to house the priceless 
collection of books on New Zealand some time since given by me to 
the Colonial Museum and the New Zealand Institute. 

I give and devise unto the Public Trustee appointed under and 
in pursuance of an Act of the General, Assembly of New Zealand 
intituled the Public Trust Office Act, 1894 (hereinafter called “ my 
trustee all the rest, residue, and remainder of my property what- 
soever and wheresoever situate, both real and personal, and whether 
in possession, reversion, expectancy, or remainder, upon trust, as to 
my freehold property at East Taratahi, containing by admeasure- 
ment two thousand one hundred and seventy-two acres, and being 
and comprising the whole of the land included in certificate of title, 
volume 51, folio 79, of the books of the District Land Registrar for 
the Registration District of Wellington, (save and except such part 
of the said land, being portion of the section numbered 117 in the 
Taratahi Plain Block, as is hereinafter devised to my trustee for the 
purpo'ses hereinafter appearing), and direct that my trustee shall 
stand possessed of the same lands upon trust, to let and manage the 
same, and to pay and apply the rents and annual income in manner 
following, namely : — 

« * * • * 

And as to all the residue and remainder (if any) of the said net 
proceeds of the sale, conversion, and getting-in of my estate as 
aforesaid, my trustee shall transfer the same to the Governors for the 
time being of the New Zealand Institute at Wellington, to form the 
nucleus of a fund for the erection in or near Wellington aforesaid, 
and the endowment of a Professor and staff, of an Astronomic Obser- 
vato]^ fitted with telescope and other suitable instruments for the 
public use and benefit of the colony, and in the hope that such fund 
may be augmented by gifts from private donors, and that the Obser- 
vatory may be subsidized by the Colonial Government ; and without 
imposing any duty or obligation in regard thereto I would indicate 
my wish that the telescope may be obtained from the factory of Sir 
H. Grubb, in Dublin, Ireland. 

« * « * « 

Kesolution regarding Investment of Funds (see Clause 4 above) ^ 
adopted by Board on 30th January, 1923, and published in the 
New Zealand Gazette, of 28th Mmj, 1925. 

That the fund known as the Carter Bequest,’^ consisting of 
the principal originally placed by the Board of Governors in the 
hands of the Public Trustee, together with the interest accrued there- 
on, be withdrawn from the Public Trustee and reinvested in such 
securities as provided for by legislation covering trust-moneys, power 
to arrange details and to act being ^ven jointly to the Hon.” Secretary 
and the Hon. Treasurer acting conjointly. 
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NEW ZEALAND INSTITUTE, 
1928. 


ESTABLISHED UNDER AN ACT OF THE GENERAL ASSEMBLY OF NEW 
ZEALAND INTITULED THE NEW ZEALAND INSTITUTE ACT, 18«7; RECON- 
STITUT*ED BY AN ACT OF THE GENERAL ASSEMBLY OF NEW ZEALAND 
UNDER THE NEW ZEALAND INSTITUTE ACT, 1908, AND CONTINUED 
BY THE NEW ZEALAND INSTITUTE ACT, 1908. 


BOARD OF GOVERNORS. 

EX OFFICIO. 

His Excellency the Governor-General. 
The Hon. the Minister of Internal Affairs. 


NOMINATED BY THE GOVERNMENT. 

Dr. Charles Chilton, M.A., P.L.S., C.M.Z.S., P.N.Z.Inst, (reappointed 
December, 1926) ; Dr. Leonard Cockayne, F.B.S., F.L.S., F.N.Z, 
Inst, (reappointed December, 1926). Mr B. C. Aston, F.I.C., 
F.C.S. F.N.Z.Inst, (reappointed December, 1927) ; Dr. J. Allan 
Thomson, F.G.S., F.N.Z.Inst. (reappointed December, 1927). 

ELECTED BY AFFILIATED SOCIETIES, 1927. 


Wellington Philosophical Society 

Auckland Institute 

Philosophical Institute of Canter- 
bury 

Otago Institute 

Hawke’s Bay Philosophical Insti- 
tute 

Nelson Institute 

Manawatu Philosophical Society — 


Mr. G. V. Hudson, F.E.S., 
P.N.Z.Inst. 

Professor H. B. Kirk, M.A., 
F.N.Z.Inst. 

Professor H. W. Segar, M.A., 
Ph.D., F.N.Z.Inst. 

; Professor P. P. Worley, D.Sc. 

Professor C. Coleridge Farr, 
D.Sc., F.P.S.L., P.N.Z.Inst. 

Mr. A. M. Wright, A.I.C., 
F.C.S. 

Hon. G. M. Thomson, P.L.S., 
P.N.Z.Inst., M.L.C. 

Professor J. Park, P.G.S., 
P.N.Z.Inst. 

Mr. H. Hill, B.A., P.G.S. 

Professor T. H. Easterfield, 
M.A., Ph.D., P.I.C., P.N.Z.- 
Inst. 

Mr. M. A. Eliott. 
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OF7IOBRS FOR THS TEAR 1»8. 

President; Dr. J. Allan Thomson, P.G.S., P.N.Z.Inst. 

Hon. TREASxntER: Mr. M. A. Eliott. 

Hon. Editob: Mr. Johannes C. Andersen, P.N.Z.Inst. 

Hon. Libbabian: Professor D. M. Y. Sommerville, M.A., D.Sc., 
P.R.S.E., F.N.Z.Inst. 

Hon. RETxmNiNG Opficeb: Professor H. W. Segar, M.A., Ph.D., 

F.N.Z.Inst. 

Hon. Secsbetaby: Mr. B. C. Aston, P.I.C., F.C.S., F.N.Z.Inst. 


ATFIUATED SOCIETIES. 1927-28. 


Name ot Society. | 

1 Secretary's Name and Address. 

Date of Affiliation. 

! 

Wellington Phflosophlcal 
Society 

Mr. W. J. Phillipps, Domin- 
ion Museum, Wellington 

10th June, 1868. 

Auckland Institute 

Mr. G. Arcliey, Auckland In- 
stitute and Museum, Auck- 
land 

10th June, 1868. 

Philosophical Institute of 
Canterbury 

Mr. R. 0. Page, 69 May's 
Road, Christchurch. 

22nd October, 1868. 

Otago Institute 

Mr. F. H. Turner, Geology 
Department, Otago Uni- 
versity, Dunedin. 

18th October, 1869. 

Hawkes Bay Philosophi- 
cal Institute 

Mr. C. F. H. Pollock, P. 0. 
Box 301, Napier. 

31st March, 1876. 

Nelson Institute 

Mrs. Margaret Graham, Nel- 
son 

20th December, 1883 

Manawatu Philosophical 
Society 

Mr. J. C. Merton, Solicitor, 
P.O. Box 346, Palmerston 
North. 

6th January, 1905. 


FORMER MANAGER AND EDITOR. 
[Urdbb the New Zealand Institute Act, 1867.] 
1867-1903.— Hector, Sir James, M.D., E.C.M.a., F.R.S. 





Past Presidents. 
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PAST PRESIDENTS. 

1908- 4.— -Hutton, Captain Frederick Wollaston, F.H.S. 
1905-6. — ^Hector, Sir James, M.D., K.C.M.O'., P.R.S. 

1907-8. — ^Thomson, George Malcolm, F.Li.S. 

1909- 10. — ^Hamilton, A. 

1911-12. — Cheeseman, T. F., F.IaS., F.Z.S. 

1913-14.— Chilton, C., M.A., D.Sc., LL.D., F.L.S., C.M.Z.S. 
1916.— Petrie, D., M.A., Ph.D. 

1916-17.— Benham, W. B., M.A., D.Sc., F.Z.S., F.R.S. 
1918-19. — Cockayne. L., Ph.D., F.R.S., F.L.S., F.N.Z.Inst. 
1920-21.— Easterfleld, T. H.. M.A., Ph.D., F.N.Z.Inst. 
1922-23.— Kirk, H. B., M.A., F.N.Z.Inst. 

1924-26.— Dr. P. Marshall, M.A., F.G.S., F.N.Z.In8t. 
1926-27.— Mr. B. C. Aston, F.I.C., F.C.S.. F.N.Z.Inst. 


HONOOBARY MEMBERS. 

Elected 


Armstrong. Professor H. E., F.R.S.. Ph.D., LL.D. Professor Emeritus 
City and Guilds of London Institute. 55 Granville Park, Lewisham, 

London. S.E. 1927 

Bragg. Professor W. H., F.R.S.. Royal Institution, 21 Albemarle St., 

London, W.l 1923 

Chree. Charles. M.A.. D.Sc.. LL.D., F.R.S., Kew Observatory, London 1924 
Curie. Madame Marie. Institut du Radium, Laboratolre Curie, 1 Rue 

Pierre-Curle, Paris (5e) 1927 

David, Professor T. Edgeworth, F.RS„ C.M.G., Sydney University 1904 

Davis, Professor W. Morris, Museum, Cambridge, Mass., U.S.A. 1913 

Diels. Professor L.. Ph.D.. University of Berlin, Botanisches Museum, 

Berlin 1907 

Einstein, Professor Albert, University of Berlin, Germany ...... 1924 

Fraser, Sir J. G., D.C.L.. Trinity College, Cambridge 1920 

Goebel, Professor Dr. Carl von. University of Munich 1901 

Gregory, Professor J. W., D.Sc., P.R.S., F.G.S., 4 Park Quadrant, 

Glasgow W. 1920 

Haddon, Dr. A. C., F.R.S., 3 Cranmer Road, Cambridge 1925 

Haldane, J. S., M.A., M.D.. LL.D., F.R.S., Cherwell, Oxford 1928 

Hall, Sir A. D., M.A., K.C.B., F.R.S., Ministry of Agriculture, London 1920 

Hill, Dr. A. W., F.R.S., Director Royal Botanic Gardens, Kew . ... 1928 

Jaggar, Dr. T. A., Director of Volcanological Observatory, Volcano 

House, P.O. Hawaii 1927 

Lotsy, Dr. J. P., Velp, near Arnhem, Holland 1927 

Masson, Sir D. Orme, K.B.E., M.A, D.Sc., P.R.S., 14 William Street, 

South Yarra, Melbourne - 1928 

Mawson, Sir Douglas, B.E., D.Sc., The University, Box 498, Adelaide ...... 1920 

Mellor, Joseph William, D.Sc. (N.Z.), Sandon House, Regent Street, 

Stoke-on-Trent, England 1919 

Meyrick, E.. B.A., F.R.S.. Thomhanger, Marlborough, Wilts 1907 

Mortensen. Theodor. Ph.D., Director of the Dept, of Invertebrates of 

the Zoological Museum, Copenhagen 1927 

Russell, Sir John, D.Sc., F.R.S., Director of Rothamsted Experiment 

Station, Harpenden 1928 

Rutherford, Professor Sir E., D.Sc., F.R.S., F.N.Z.Inst., Newnliam 

Cottage, Queen's Road, Cambridge, England 1904 

Seward, Professor A. C., Sc.D,, P.R.S., Botany School, Cambridge 1928 

Thiselton-Dyer. Sir W. T., K.C,M.G., C.I.B., LL.D., M.A.. P.R.S., Wit- 

combe, Gloucester, England 1894 

Thomson, Professor J. Arthur, M.A., LL.D., Natural History Depart- 

naent, . University of Aberdeen 1928 

Woods, Henry, M.A., P.R.S., P.G.S., Sedgwick Museum, Cambridge ...... 1920 
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FORMER HONORARY MEMBERS. 


Elected 


Agardh, Dr. J. G. 1900 

Agassiz, Professor Louis ...... 1870 

Arber, £. A. Newell, M.A., Sc.D., 

F.G.S., F.L,S 1914 

Avebury, Lord, P.C., F.R.S 1900 

Baird, Professor Spencer F. ...... 1877 

Balfour, Professor 1. Bayley, 

F. R,S .... 1914 

Bateson, Professor W., F.R.S 1915 

Beddard, F. E., D.Sc., F.R.S., 
Zoological Society, London 1906 

Beneden, Professor J. P. van ..... 1888 
Berggren, Dr. S 1876 

Bowen, Sir George Ferguson, 

G. C.M.G. 1873 

Brady, G. S., D.Sc., F.R.S. ..... 1906 
Bruce, Dr. W. S. 1910 

Carpenter, Dr. W. B., C.B., 

F.R.S 1883 

Clarke, Rev. W. B., M.A., F.R.S. 1876 

Codrington, Rev. R. H., D.D 1894 

Darwin, Charles, M.A., F.R.S. 1871 

Darwin, Sir George, F.R.S. ... 1909 

Davis, J. W., F.G.S., F.L.S. ..... 1891 

Dendy, Dr. A., F.R.S., King's 
College, University of London, 
England 1907 

Drury, Captain Byron, R.N 1870 

Ellery, Robert L, J., F.R.S 1883 

Etheridge, Professor R., P.R.S. .. 1876 

Ettingshausen, Baron von 1888 

Eve, H. W., M.A 1901 

Filhol, Dr. H _ 1875 

Finsch, Professor Otto, Ph.D 1870 

Flower, Professor W. H., F.R.S. 1870 
Garrod, Professor A. H., F.H,S. 1878 

Goodale, Professor G. L., M.D., 

LL.D 1891 

Gray, J. E., Ph.D., F.R.S 1871 

Gray, Professor Asa 1885 

Grey, Sir George, K.C.B. .... 1872 
Gunther, A., M.D., M.A., Ph.D., 

P.R.S 1873 

Haswell, Professor W. A., F.R.S., 
Mimihau, Woollahra Point, 

Sydney 1914 

Hedley, Charles, P.L.S., ...... 1924 

Hemsley, Dr. W. Dotting, F.R.S., 

Kew Lodge, St. Peter's Road, 
Broadstairs, Kent, England .... 191Z 


Elected 

Hochstetter, Dr. Ferdinand von 1870 

Hooker, Sir J. D., G.C.S.I., C.B.. 

M.D., F.R.S., O.M 1870 

Howes, G. B., LL.D., F.R.S. ..... 1901 

Huxley, Thomas H., LL.D., 

F.R.S 1872 

Klotz, Professor Otto J 1903 

Langley, S. P. 1896 

Lindsay, W. Lauder, M.D., 
F.R.S.E. ..... 1871 

Liversidge, Professor A., M.A., 

F.R.S 1890 

Lydekker, Richard, F.R.S. 1896 

Lyell, Sir Charles, Bart., D.C.L., 

F.R.S 1873 

Massart, Professor Jean 1916 

McCoy, Professor Sir F., 
K.C.M.G., D.Sc., F.R.S 1888 

McLachlan, Robert, F.L.S 1874 

Massee, George, F.L.S., F.R.M.S. 1900 

Milne, J., F.R.S. 1906 

Mitten, William, F.R.S 1895 

The Most Noble the Marquis of 
Normanby, G.C.M.G 1880 

Mueller, Ferdinand von, M.D., 

F.R.S., C.M.G 1870 

Muller, Professor Max,. F.R.S...... 1878 

Newton, Alfred, F.R.S 1874 

Nordstedt, Professor Otto, Ph.D. 1890 
Owen, Professor Richard, F.R.S. 1870 

Pickard - Cambridge, Rev. 0., 

M.A., F.R.S., C.M.Z.S 1873 

Richards, Rear-Admiral G. H 1870 

Riley, Professor C. V 1890 

Rolleston, Professor G., M.D., 

P.R.S. 1875 

Sars, Professor G. 0. .. . 1902 

Sclater, P. L., M.A., Ph.D., F.R.S. 1875 

Sharp, Dr. D 1877 

Sharp, Richard Bowdler, M.A., 

F.R.S 1885 

Stebbing, Rev. T. B. R., F.R.S. 1907 

Stokes, Vice-Admiral J, L. _ 1872 
Tenison-Woods, Rev. J. E., F.I 1 .S. 1878 

Thomson, Professor Wyville, 

P.R.S .... 1874 

Thomson, Sir William, F.R.&....... 1883 

Wallace, Sir A. R., F.R.S., O.M. 1885 
Weld, Frederick A., C.M.G. ..... 1877 



Fellows of NJZ. Institute. 965 

FELLOWS OF THE NEW ZEALAND INSTITUTE, 

Original Fellows. 

(See New Zealand Gazette, 2Qth November, 1919.) 
t Aston, Bernard Cracroft, F.I.C., F.C.S. 

*|Beidiam, Professor William Blaxland, M.A., D.Sc., F.R.S., F.Z.S. 
tBest, Elsdon. 

«tCheeseman, Thomas Frederick, F.L.S., F.Z.S. § 

*tiChiltOn, Professor Charles, M.A., D.Sc., LL.D., M.B., C.M., F.L.S., C.M.Z.S. 
♦ttCockayne, Leonard, Ph.D., P.R.S., F.L.S. 
tEasterfield, Professor Thomas Hill, M.A., Ph.D., F.I.C., F.C.S. 
tParr, Professor Clinton Coleridge, D.Sc., F.P.S.L. 

Hogben, Greorge, C.M.G., M.A., F.G.S. § 
tHudson, George Vernon, F.E.S. 

Kirk, Professor Harry Borrer, M.A. 
ttMarshall, Patrick, M.A., D.Sc., F.G.S., F.R.G.S., F.E.S. 

♦tPetrie, Donald. M.A.. Ph.D. § 

tRutherford, Sir Ernest, Kt., P.R.S., D.Sc., Ph.D., LL.D. 

Segar, Professor Hugh William, M.A. 
tSmith, Stephenson Percy, F.R.G.S. § 
tSpeight, Robert. M. A.. M.Sc.. F.G.S. 

Thomas, Professor Algernon Phillips Withiel, M.A, F.L.S. 

♦Thomson, Hon. George Malcolm, P.L.S., M.L.C. 
fThomson, James Allan, M.A., D.Sc., A.O.S.M., F.G.S. 

Fellows elected, 1921. 

Cotton, Charles Andrew, D.Sc., A.O.S.M., F.G.S. 

Hilgendorf, Frederick William, B.A, D.Sc. 
tHolloway, Rev. John Ernest, L.Th., D.Sc. 

Park, Professor James, M.Am.Inst.M.E., M.In8t.M.M., F.G.S. 

Fellows elected, 1922. 

Laing, Robert Malcolm, M.A., B.Sc. 

Marsden, Ernest, D.Sc,, F.R.AS. 

Morgan, Percy Gates, M.A, F.G.S., A.O.S.M. 

Sommerville, Duncan McLaren Young, M.A, D.Sc., F.R.S.E. 

Fellows elected, 1923. 

Williams, Ven. Archdeacon Herbert William, M.A. 

Andersen, Johannes Carl. 

Fellows elected, 1924. 

Smith, William Herbert Guthrie. 

Tillyard, Robin John, M.A., D.Sc., Sc.D., F.L.S., F.E.S. 


Fellows elected, 1925. 
Brown, Professor J. Macmillan, M.A, LL.D. 

Te Rang! Hiroa (P H. Buck), M.D., Ch.B. (N.Z.). 

Fellows elected, 1926. 
Benson, Professor W. N„ B.A., D.Sc., F.G.S. 
Maclaurin, J. S., D.Sc., F.C.S. 

Fellows Elected 1927. 

Oliver, W. R. B. 
tSklnner. H. D., B.A 

Fellows Elected, 1928. 

Allan, H. H., D.Sc., M.A, F.L.S. 

Bartrum, J. A., M.Sc. 


*PMt President. t Hector MedaUist ) Hutton Medalllit. | Deoaaaed. 
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ORDINARY MEMBERS. 


WELLINGTON PHILOSOPHICAL SOCIETY. 

[•Life Membera.] 


Ackland, E. W.» P.O. Box 928i Welling- 
ton. 

Adams, C. E., D.Sc., A.I.A. (London), 
F.R.A.S., Dominion Observatory, 
Wellington.* 

Adkin, G. L., Queen Street, Levin. 

Andersen, Johannes C., F.N.Z.Inst, 
Alexander Turnbull Library, Bowen 
Street, Wellington. 

Andrew, R. L., Dominion Laboratory, 
Wellington. 

Aston, B. C., F.I.C., F.C.S., F.N.Z.Inst.. 
Dominion Laboratory, Wellington. 

Atkinson, E. H., 71 Fairlie Terrace, 
Kelburn. 

Baker, A. J., Public Works Dept., Wel- 
lington. 

Baillie, H., Public Library, Wellington. 

Baldwin, E. S., 215 Lambton Quay, 
Wellington. j 

Balneavis, H. R. H., Parliament Build- 
ings, Wellington. 

Barnett, Dr. M., Dominion Laboratory. 

Barwell, J. S., Akatore, Otago. 

BatefiK D. C., Meteorological Office, 
Wellington. 

Bayne, J. A. C., Inspecting Engineer, 
Mines Department. 

Beckett, Peter, Paraparaumu. 

Bell, E. D., Featherston Street, Well- 
ington. 

Bell, Sir Francis, Featherston Street, 
Wellington. 

Benham, A. H., 52 Watt Street, City. 

Bennett, Francis, Queen Alexandra 
Street, Khandallah. 

Berry, C. G. G., Railway Buildings, 
Wellington. 

Best, Elsdon, F.N.Z.Inst., Alexander 
Turnbull Library, Bowen Street, 
Wellington. 

Blair, David K., M.LMech.E., 9 Grey 
Street, Wellington. 

Bollons, Capt. J., Marine Department. 

Bradshaw, G. B., Box 863, Wellington. 

Brandon, A. de B., B.A., Featherston 
Street, Wellington. 

Brent, H. C., Laboratory, G.P.O., Well- 
ington. 

Bruce, E., 71 Fairlie Terrace, Welling- 
ton. 

Callaghan, F. R., Dept, of Scientific 
Research, Wellington. • 

Castle, Miss A., Dominion Museum. 

Chamberlin, T. Chamberlin, Crescent 
Road, Khandallah. 


Christie, J. H., P.W.D., Kurow, Otago. 

Cobeldick, W., F.R.G.S., Tourist De- 
partment, Rotorua. 

Cockayne A. H., Agriculture Depart- 
ment, Wellington. 

Cockayne, L., Ph.D,, F.L.S,, F.R.S. 

F.N.Z.Inst., Ngaio, Wellington. 

Cockroft, T., Ill Owen Street, Welling- 
ton. 

Cook, C. W., Customs Dept, Welling- 
ton. 

Cotton, C. A.. D.Sc., F.G.S., F.N.Z.Inst, 
Victoria University College, Well- 
ington.* 

Coventry, Mrs. H., 22 Disley Street, 
Kelburn. 

Crawford, A. D., Box 126, G.P.O., Wel- 
lington. 

Croker, Mrs. Olive, 64 Derwent Street, 
Island Bay. 

Cromb, J. B., C/o. Wellington Harbour 
Board. 

Crust, A. G. C., Dominion Observatory, 
Kelburn. 

Cull, J. E. L., B.Sc. In Eng. (Mech.), 
Public Works Department, Welling- 
ton. 

Cumming, E., Land and Income Tax 
Department, Wellington. 

Dalrymple, K. W., Parewanui, Bulls. 

Darling, J., Kelburn. 

Donovan, W., M.Sc., ‘Dominion Iiabora- 
tory, Wellington. 

Dougall, Archibald, 9 Claremont Grove, 
Wellington. 

Dyer, Miss M., Education Department, 
Wellington. 

Dymock, E. R., F.I.A.N.Z., A.I.A.V., 
Box 198, Wellington. 

Evans, Professor W. P., Kensington 
street, Wellington. 

Exley, Lionel, Nat. Elect. Engineering 
Co. 

Ferguson, William, M.A., M.Inst.C.E., 
M.I.Mech.E., Silverstream, Welling- 
ton. • 

Ferrar, H. T., M.A., F.G.S., Geological 
Survey Department, 156 The Ter- 
race.* 

Fletcher, Rev. H. X, The Manse, Mor- 
manby. 

Florence, D. C. H., Professor, Victoria 
College, Wellington. 

Forrester, J. H., Customs Department, 
Wellington. 
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Frost, C. A., care of Richardson, 
McCabe, and Co., Wellington. 

Furkert, F. W., A8soc.M.Inst.C.E., Pub* 
lie Works Department, Wellington. 

Gkrrow, Professor J. M. E., B.A., 
ULB., Victoria University College, 
Wellington.* 

Oavey, A., Public Works Dept, Wel- 
lington. 

Gibbs, A. E., M.I.E.E.. Assistant Tele- 
graph Engineer, G.P.O., Wellington. 

Gibbs, Dr. H. B., 240 Willis Street, 
Wellington. 

Gifford, A. C., M.A., P.R.A.S., 6 Shan- 
non Street, Wellington.* 

Gill, D. A., Path. Liab., Wallacevllle. 

Good, F. W., Main-superintendent, 
Electric Light Department, Harris 
Street, Wellington. 

Grange, L. I., 38 The Terrace, Welling- 
ton. 

Greenshields, F. S., 9 Glen Road, Kel- 
burn. 

Grimmett, R. E. R., Agricultural 
Laboratory, Wellington. 

Hamilton, H., A.O.S.M., Director 

Maori School of Arts and Crafts, 
Rotorua. 

Hardcastle, H., Evening Post, Welling- 
ton. 

Harty, Dr. G. W., 14 Hill Street, City. 

Hastie, Miss J. A., care of Street and 
Co., 30 Cornhill, London, E.C.* 

Hayes, Capt. L., Marine Dept., Well- 
ington. 

Ileays, H. C., Head Office, P.^fr.D., 
Wellington. 

Hector, C. Monro, M.D., B.Sc., F.R.A.S., 
Hobson Street, Wellington. 

Hefford, A B., M.Sc., Fisheries Ex- 
pert, Marine Dept. 

Helyer, Miss E., 13 Tonks Grove, Well- 
ington. 

Henderson, J., M.A., D.Sc., B.Sc. In 
Eng. (Metall.), Geological Survey 
Department, Wellington. 

Henry, E. 0., Head Office, P.W.D., 
Wellington. 

Hislop, J., Internal Affairs Depart- 
ment, Wellington. 

Hodson, W. H., 40 Pirle Street, Well- 
ington. 

Holloway A. G. P., 17 Macdonald Ores., 
Wellington. 

Holmes, R. W., M.InstC.E., Burnell 
Avenue, Wellington. 

Hooper, Captain G. S., Marine Depart- 
ment, Wellington. 

Hooper, R. H., 6 St. John Street, Well- 
ington. 

Hopkirk, C. S., Pathological Lab., 
WallacevUia 

Hudson, G. V., F.B.S., F.N.Z.Inst., Hill 
View, Karori. 

NWN 


Hunt, A. Leigh, Dominion Farmers’ 
Institute, Wellington. 

Hurley, J. A., Bacteriological Labora- 
tory, Newtown. 

Izatt, A., Woodland Rd., Johnsonville. 

Jack, J. W., 170 Featherston Street, 
Wellington. 

Jackson, Miss, B.A., Wellington Girls’ 
College, 

Jacobson, N. R., Training College, Kel- 
burn. 

Joiner, W. A., Dominion Laboratory, 
Wellington. 

Jones, A. Morris, 47 Upland Road, Kel- 
burn. 

Jones, J. A., Chief Engineer, N.Z. Rail- 
ways, Wellington. 

Jones, Llewellyn, 57 Creswick Terrace, 
Wellington. 

Joyce, Miss, Training College, Kel- 
burn. 

Kean, A., Tourist Dept., Wairoa. 

Kerr, W. J., National Bank, Grey 
Street, Wellington. 

Kirk, Professor H. B., M.A., F.N.Z.InBt, 
Victoria University College, Welling- 
ton. 

Kissell, P. T. M., Public Works Depart- 
ment, Wellington. 

La Trobe, W. S., M.A., Hamilton Road, 
Karori. 

Lauchlan, G., Electrical Engineer, 
Harris Street, Wellington. 

Lawrence, G. A., Johnsonville. 

Leighton, P. T., Dominion Laboratory. 

Levi, P., M.A.. care of Wilford and 
Levi, 15 Stout Street, Wellington. 

Levy, E. Bruce, 71 Pairlie Terrace, 
Kelburn. 

Lindsay, C., Dominion Museum, Wel- 
lington. 

Lomas, E. K., M.A., M.Sc., Training 
College, Wellington. 

Lomax, Major H. A., 288 Somme Par- 
ade, Aramoho, Wanganui. 

Luke, Sir John P., C.M.G., M.P., “Pen- 
dennis,” Burnell Avenue, Welling- 
ton. 

Luscombe, A., 59 Palliser Road, Rose- 
neath. 

McDermott, J., Dist. Engineer, P. and 
T. Dept., Wellington. 

Meinnes, E. H., Engineer, 160 Lamb- 
ton Quay, Wellington. 

McKay, W. A., Dominion Museum, 
Wellington, 

McKenzie, C. J., Public Works Depart- 
ment, Wellington. 

Maclaurin, J. S., D.Sc., F.C.S., Do- 
minion Laboratory, Wellington. 

Maclean, F. W., M.Inst.C.E., Chief 
Engineer, Head Office, Railway De- 
partment, Wellington. 

MeSherry, Harry, Box 49, Pahiatua. 

Malcolm, J., P.O. Box $63, Wellington. 
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’ Marchbanks, J., Harbour Board, Well- 
ington. 

Marsden, B., D.Sc., F.N.Z. Inst., Direc- 
tor of Scientific and Industrial 
Research. 

Marshall, Dr. P., c/o Main Highways 
Board, Wellington. 

‘ Marwick, J., D.Sc., Geological Survey, 
The Terrace, Wellington. 

Maskell, P. G.. Victoria University 
College, Wellington. 

Matheson, W. B., Tiratahi, Bketahuna. 

Maxwell, E., Marumarunui, Opunake. 

Maxwell, J. P. M.Inst.C.E., 146 Dixon 
Street, Wellington. 

Mestayer, Miss M., Sydney Street, 
Wellington. 

Miles, P. C. V. R., Room 46, G.P.O., 
Wellington. 

Millar, H. M., Public Works Depart- 
ment, Wellington. 

Moore, G., Eparalma, via Masterton. 

Moore, W., Lancelot, Bank Chambers, 
Lambton Quay, Wellington. 

Moorhouse, W. H. Sefton, 134 Dixon 
Street, Wellington. 

Morice, J. M., B.Sc., Town Hall, Well- 
ington. 

Morrison, J. C., Box 413, G.P.O., Well- 
ington. 

Morton, W,, Hydro-electric Board. Pub- 

^ lie Works Department, Wellington. 

Muir, A. G., Dist. Office, P.W.D., Auck- 
land. 

Mundy, R., Kings Court, Ohakune. 

Myers, J. G., Imperial Bureau of En- 
tomology, 41 Queen’s Gate, London, 
S.W.7 

Neill, J. C., 251 The Terrace, Welling- 
ton. 

Neill, W. T., Lands and Survey De- 
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Kemp, G. T., Collingwood Street. 
Knapp, F. V., Alfred Street. 


Maclean, Sir R. D. D., Napier. 
Maney, C. B,, Napier. 

Martin, A. L., Napier. 
Metcalfe, W. F., Napier, 
Moore, Dr. T. C., Napier. 
Moore, Dr. W. W., Napier. 
Nelson, George, Hastings. 
Oates, Wm., Tokomaru Bay. 
Ormond, Frank, Napier. 
Ormond, George, Wairoa. 
Oulton, Dr. R. H., Napier. 
Pallet, Alfred G., Napier, 
Pallot, Mrs. W. J., Napier. 
Pollock, C. F. H., Napier. 
Ringland, T. H., Napier. 

Sagar, Mrs. M., Napier. 
Sainsbury, G. O. K., Wairoa, 
Speight, H., Havelock North. 
♦Smith, H. J., England. 
Stewart, W. B., Napier. 

Stout, E. T., Napier. 

Thomas, C. L., Napier. 
Thomson, J. Clark, Napier. 
Thomson, J. P., Napier 
Tiffen, G. W., Gisborne. 

Tye, Thos., Napier. 

Wanklyn, H. A., Napier. 
Water worth. Dr. G., Napier. 
West, E. S., Napier. 

White, Wm., Napier. 

Willan, T. J., Hastings. 
Williams, Frederic W., Nf 
W illiams, Archdeacon H. W., 
Wilson, A. H., Napier. 

Wilson, J. G., Hatuma, H.B. 
Wilton, T. J., Port Ahuriri. 


INSTITUTE. 

Maddox, F. W., Halifax Street. 

May, L., Public Works, Tratalgar St 
McKay, J. G., Boys* College. 

Moller, B. H., Collingwood Street. 
Moncrieff, Captain M. M., The Cliffs. 

• Moncrieff, Mrs. M. M., The Cliffs. 
Morley, E. L., Waimea Street. 

Mules, Bishop, Trafalgar Square. 
Parlane, Miss B., B. Sc., Cawthron 
Institute. 

Phllpott, A., Cawthron Institute. 
Ri£:g, T., Cawthron Institute. 

Rout, W., Hardy Street 
Russell, J., Sunnybank, Bronte St. 
Sadlier, Bishop, Wath Brow, Brough- 
am Street. 

Smith, C. M., Conservator of Forests, 
Trafalgar Street. 

Taylor, J., 84 Haven Road 
Tilly ard, Dr. R. J., Malta! Lodge. 
Wardrop, J. H., Lands Department 
Wharton, Miss B. A., Malta! Bank. 
Wharton, Miss W. E., Mata! Bank. 
Wharton, G. E., Malta! Bank. 
Worley, Miss, Trafalgar Street South. 
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RoU of Members. 

MANAWATU PHILOSOPHICAL SOCIETY. 

(** Life Members) 


Akers, H., Duke Street. 

Bagnall, H. G., 30 Te Aweawe Street. 
Barnett, Dr. E. C., M.R.C.S., M.H.- 
C.P., Fitzherbert Street. 

Batchelar, J. 0., Willow Bank. 
Bayly, Mrs., Patea. 

Bendall, W. E., Dairy Union. 

Bennett, G. H., The Square. 

Bett, D. H. B., M.B., Ch.B., M.R.C.S., 
M.R.C.P., Broad Street. 
Blackbourne, Rev. H. G., M.A., Vic- 
arage. 

Burges, A., 139 Featherston Street. 
Callanan, F., Bainesse. 

Cameron, W. B., 24 Russell Street. 
Cameron, W. H. L., Queen Street. 
Canton, H. J., Waldegrave Street. 
Clausen, C. N., Rangitikel Street. 
Cockayne, A. H., Wellington. 

Cohen, M., Broad Street. 

Collinson, L. H., The Square. 

Crabb, E. H., College Street. 

Cullen, Mrs., North Street. 
Cunningham, G. H., Department of 
Agriculture. 

Edwards, R., C.E., Duke Street. 
Eliott, M. A., The Square. 
Fitzherbert, W. L., Broad Street. 
Fuller, R. A., Alexandra Street. 
Gardner, Captain F. S., Bank of New 
Zealand, Sydney.* 

Gerrand, J. B., The Square, 

Grace, R. H. F., National Bank. 
Graham, A. J., The Square. 

Grigor, A., National Bank. 

Hannay, A., care of Manson and 
Barr. 

Hepworth, H., The Square. 

Hodder, T. R., Rangitikel Street. 
Holben, E. R. B., Rangitikel Street. 
Holbrook, H. W. F., 84 Rangitikel 
Street. 

Hop wood. A., Main Street. 

Hughes, J. R., C.E., The Square. 
Hunter, W., 15 Rangitikel Street. 
Hurley, E. 0., The Square. 

Johnston, J., Goring, Oakhurst. 
Keeling, G. W., College Street W. 
Larcomb, E., C.E., Roy Street. 
Larcomb, P., Roy Street, 


Mahon, A., The Square. 

Merton, J. L. C., LL.B., Rangitikel 
Street. 

Miller, J., R,C.S.E., L.R,C.P.E., 

L.R.F.P. and S.G. 

Mills, Miss C. B., M.A., Girls* High 
School. 

Moore, Miss 

Murray, J., M.A., High School. 

Nash, N. H., The Square. 

Needham, F., Rangitikel Street. 
Oakley, F. J., Ralnforth Street. 
Opie, F. D., Technical School. 

Oram, M. H., M.A., LL.B., Rangitikel 
Street. 

Park, W., F.R.H.S., College Street. 
Peach, Dr. C. W., M.B., C.M., Broad 
Street. 

Pigott, Miss E., 79 College Street. 
Poynton, J. W., S.M., Auckland.* 
Ross, R., Ferguson Street. 

Russell, W. W., Rangitikel Street. 
Salmon, C. T., Assoc, in Eng., Can- 
terbury College, Rangitikel Street. 
Seifert, A., George Street. 

Seifert, H., Featherston Street West. 
Seifert, L., George Street. 

Sheppard, F. J., Rangitikel Street. 
Sim, E. Grant, Rangitikel Street. 
Sinclair, N. H., Allen Street. 

Smith, W. W., F.E.S., Public Re- 
serve, New Plymouth. 

Stevens, J. H., Church Street. 
Stevenson, J. C., High School. 

Stowe, Dr. W. R., M.R.C.S., M.R.C.P., 
Linton Street. 

Sutherland, A., Boundary Road. 
Taylor, C., George Street. 

Turner, W., Queen Street. 

Welch, W., F.R.G.S., Mosman*s Bay, 
N.S.W. 

West, E. V., King Street. 

Whitaker, A., Grey Street. 

Wilson, Miss D., Rangitikel Street. 
Wilson, Miss E. Carncot, Rangitikel 
Street.* 

Wood, J. R., Duke Street. 

Wright, A. H. M., College Street. 
Young, H. L., Cuba Street. 


Note. — This list is not up to date, no revise having been supplied of 
that published in vol. 57. 
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Appendix. 


SERIAL PUBLICATIONS RECEIVED BY THE LIBRARY OP 
THE NEW ZEALAND INSTITUTE, 1928. 


New Zeai>and. 

Auckland University : Calendar. 

Geological Survey: Bulletins. 

Houses of Parliament: Journals and Appendix. 

Journal of Agriculture. 

Journal of Science and Technology. 

New Zealand Employers’ Federation: Industrial Bulletin. 
New Zeatand Official Year-book. 

Polynesian Society: Journal. 

Statistics of New Zealand. 


Austraua. 

Australasian Association for the Advancement of Smence: Report. 
Australasian Institute of Mining Engineers: Proceedings. 

Australian Antarctic Expedition, 1911-14: Reports. 

Australian Forestry Journal. 

Commonwealth of Australia, Fisheries': Parliamentary Report. 
Institute of Science and Industry of Australia: Bulletins. 

Institution of Engineers of Australia : Transactions; Quarterly 
Bulletin. 

National Research Council of Australia : Science Abstracts. 

New South Wales. 

Agricultural Department, N.S.W.: Agricultural Gazette. 

Australian Museum, Sydney: Records; Annual Report. 

Botanic Gardens and Government Domains, N.S.W.: Report. 
Critical Revision of the Genus Eucalyptus. 

Department of Mines and Gkological Survey : Annual Report; Mineral 
Resources; Bulletins. 

Linnean Society of N.S.W. : Proceedings. 

Northern Engineering Institute of N.S.W. : Papers, 

Public Health Department, N.S.W. : Annual Report. 

Queensland. 

Geological Survey of Queensland: Publications. 

Queensland Naturalist. 

^yal Geographical Society: Journal. 

Royal Society of Queensland: Proceedings. 

South Austbalia. 

Adelaide Chamber of Commerce : Annual Report. 

Department of Chemistry, South Australia: Bulletins. 
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Mines Department and Gieologieal Survey of South Australia: 
Mining Operations; 0.8. SvMetins and Reports; Metalhtrgictd 
Reports; Synopsis of Mining Laws. 

Public Library, Museum, and Art Gallery of South Australia: 
Annual Report. 

Royal Society of South Australia: Transactions and Proceedings. 

Tasmania. 


Mines Department, Hobart. 

Royal Society of Tasmania: Papers and Proceedings. 


Victoria. 

Advisory Committee: Report on Brown Coal. 

Department of Agriculture : Journal. 

Field Naturalists’ Club of Victoria: Victorian Naturalist. 

Mines Department and Geological Survey of Victoria: Annual 
Report; Bulletins; Records. 

Public Library, Museum, and National Art Gallery of Victoria: 
Annual Report. 

Royal Society of Victoria: Proceedings. 

Western Australia. 

Geological Survey of Western Australia: Bulletins. 

Royal Society of Western Australia: Journal and Proceedings. 


United Kingdom. 

Board of Agriculture and Fisheries; Fishery Investigations. 
Botanical Society of Edinburgh: Transactions and Proceedings. 
British Association for the Advancement of Science: Report. 
British Astronomical Association : Journal; Memoirs; List of Members. 
British Museum: Catalogues; Guides; Scientific Reports of British 
Antarctic Expedition, 1910. 

Cambridge Philosophical Society: Proceedings, Biological Reviews. 
Cambridge University Library: Report. 

Department of Scientific and Industrial Research: Reports. 

Dove Marine Library: Report. 

Durham Philosophical Society: Proceedings; Agriculturcd and Zoo- 
logical Publications. 

Edinburgh Geological Society: Transactions. 

Geologic^ Department, Glasgow University: Papers; Monographs. 
Geological Society, Glasgow: Transactions. 

Geological Society, Lonckm: Quarterly Journal. 

Geological Survey of Great Britain: Summary of Progress. 

Geologists Association, London: Proceedings. 

Handbooks, Commercial Towns, England. 

H.M. Statiemery Office, London: Monthly Circular. 

Imperial Bureau of Entomology : Review of Applied Entomology. 
Imperial Institute: Bulletins. 
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Institution of Civil Engineers: Report. 

Leeds Geological Association: Transactions. 

Leeds Philosophical and Literary Society : Annual Report. 

Linnean Society: Journal (Botany) ; Proceedings; List of Memhers. 
Literary and Philosophical Society, Manchester: Memoirs. 

Literary and Philosophical Society of Liverpool: Proceedings. 
Liverpool Biological Society: Proceedings. 

Liverpool Geological Society: Proceedings. 

Marine Biological Association: Journal. 

Marlborough College Natural History Society: Reports. 

Mercantile Guardian^ London. 

Mineralogical Society : Mineralogical Magazine. 

North of England Institute of Mining and Mechanical Engineers: 

Transactions; Annual Report. • 

Oxford University : Calendar. 

Eoyal Anthropological Institute of Great Britain: Journal. 

Royal Botanic Gardens, Edinburgh : Notes. 

Royal Colonial Institute : United Empire. 

Royal Geographical Society: Geographical Journal. 

Royal Irish Academy: Proceedings. 

Royal Philosophical Society of Glasgow : Proceedings. 

Royal Physical Society of Edinburgh: Proceedings. 

Royal Scottish Geographical Society: Scottish Geographical Magazine. 
Royal Society, Dublin: Economic Proceedings. 

Royal Society of Edinburgh: Proceedings; Transactions. 

Royal Society, London: Proceedings (Series A, B) ; Phil. Trans. 

(Series A, B) ; Year-hook. 

Royal Society of Literature: Transactions. 

Royal Statistical Society, London: Journal. 

Victoria Institute, London: Journal of Transactions. 

Zoological Society of London: Proceedings and Transactions. 

Austria. 

Akademie der Wisseiischaften in Wien: Sitsungsherichte. 
Hofmuseum, Wien. 

K.K. Central Anstalt fiir Meteorologie und Erdkunde, Vienna. 

K.K. Geologischen Reichlanstalt, Vienna; Verhandl; Jahrh. 

K.K. Naturhistorischen Hofmuseums, Vienna: Annalen. 

K.K. Zoologisch-Botanische Gesellschaft, Vieima: Verhandl. 

BELoroM. 

Academie Royale de Belgique: Bulletins. 

Librairie Nationale d’Art et d'Histoire: Les Cahiers beiges. 

Musee Royal d'Histoire NatureUe de Belgique, Brussels: Anftales; 
Memoires. 

Societe Geologique de Belgique, Liege: Publications. 

Societe Royale de Botanique de Belgique: Bulletins. 

Societe Royale Zoologique et Malacologique de Belgique: Annales. 
Societe Scientifique de Brussels: Annies. 

Central Asia. 

University of Central Asia, Tashkent : Bulletin. 



Serial Publications received by Library. 
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CmKA. 

Science Society of China, Nanking: Publications. 


DeN'MABK. 

Acad. Roy. de Sciences et de Lcttres de Denmark: Forhandlinger; 
Memoires. 

Dansk Geologisk Porening, Copenhagen: Meddelelser. 

Dansk. Naturh. Poren. Kjobenhavn: Videnskdbelige Meddelelser. 
Danmarks Geolopske Undersongelse, Copenhagen: Publications, 
Kong. Dansk. Videnskab. Selskab.: Forhandlinger; Skrifter. 
Zoological Mnseum, Copenhagen: Danish-Ingolf Expedition. 

Finland. 

Academia Aboensis, Abo : Humaniora. 

Pinska Vetenskaps-Societeten: Acta; Ofersigt; Bidrag. 

Geological Commission of Finland: Bulletin. 

Societe de Gcographie de Finland: Fennia. 

Societas pro Fauna et Flora Pennica : Meddelan; Acta. 

France. 

Le Prince Bonaparte, 10 Avenue d’Jcna: Notes. 

L’Observatoire Meteorologique, Paris: Annales. 

Ministre des Travaux Publics : Programmes des Cours. 

Musee d’Histoire Naturelle, Paris: Bulletins. 

Societe Astronomique Prance: Bulletin. 

Societe de Chimie IndustrieUe, Paris: Chimie et industries. 

Societe de Geographic: La Geographie. 

Societe des Sciences Phys. et Naturelles, Bordeaux: Memoires, Proc. 
Verb. 

Soei4te Linneene de Bordeaux: Publications. 

Societe Linneene de Normandie, Caen : Bulletin. 

Societe Zoologique de France : Bulletin. 

University of Grenoble: Annales section Midecine. 

Germany. 

Botanische Verein der Provinz Brandenburg: Verhandl. 

Bremer Wissenschaftlichen Gesellschaft : Publications. 

Charles University, Prague: Studies from Plant Physiological 
Laboratory. 

Der Sach Akademie der Wissenschaften, Leipzig: Berichte; Abhand- 
lungen, 

Doutchen Naturwissenschaften-medizinischen Verein fiir Bohem, 
Prague: Abhandlungen; Lotos. 

Deutsches Entomologisches Museum, Berlin. 

Ethnological Institute, Tubingen. 

Geographie Kartographie, Leipzig: Geographie Kartographie, 
Gesellschaft der Wissenschaften, Gottingen: Nachrichten. 

Institut G.D. de Luxembourg, Naturelles Sciences Physiques and 
Mathematiques: Ar^ves. 
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Kong. Akademie der Wissenschaften, Munchen: Sitsimgsberic^te, 
Abhandhmgen. 

KooigL Zool. n. Antkro.-Ethno. Museum, Dresden. 

Kon. Preussiche Gtoologischen Landesanstalt, Berlin: Jahrbuch. 

K.K. Zentral-Anstalt fur Meteorologie nnd Gteodynamik: JaJirb. 
Mathematische Gesellschaft, Berlin: SitzbericMe. 

National Museum (Entomological), Prague: Sb^ik. 
Naturforschenden Gesellschaft, I^iburg: Berichie. 

Naturhistorische Gesellschaft, Hanover: Jdhrberichte. 
Naturhistorisch Medizinisehen Verein, Heidelburg; Verhandhingen. 
Naturhistorisches Museum, Hamburg: Mitth. 

Naturhistorische Verein der Preussischen Bheinlande und Westfalens, 
Bonn: VerJimdlungen; Sitzungsberichte. 

Naturvdssenschaftliche Verein fiir Schleswig-Holstein: Schriften. 
Oberheiniseher Geologischer Verein, Tubingen. 
Physikalisch-Okonomische Gesellschaft, Konisberg: Schriften. 
Preussische Akademie der Wissenschaften, Berlin: SitzbericMe. 
Preussische Geologische Landesanstalt, Berlin: Jahrbuch. 

Sachsische Akademie der Wissenschaften, Leipzig : Berichte, Abhand- 
lungen. 

Senkenbei^sche Naturforschende Gesellschaft, Frankfurt-am-Main: 
Berichte. 

Staats und Universitatsbibliothek, Hamburg. 

Holland and Dutch East Indies. 

Banka Tin : Jaaresverslag von de Winning. 

Hollandsche Maatschappij der Wet., Harlem: Archives Neder. 

Kon. Nederlandsch Aardrykskundig Gcnootschap (Bojul Dutch Geo- 
graphic Society) : Tidjdschrift. 

Kon. Bat. Genootschap van Wet., Batavia: Vcrhand., Tijdschrift. 
Koninklijk Akademie van Wett, Amsterdam: Proceedings, Verhand- 
lungen. 

Koninklijke Naturkundige Vereeniging in Nederlandsch-Inde. 
Mijnwesen in Nederlandsh Oest-In^e, Batavia; Jaarbock. 
Nederlandsche Entomologische Vereeniging: Tydschrift. 

Bijks Ethnographisch Museum, Leiden: Versing. 

Rijks Geologisch-Mineralogisch Museum, Leiden: Geol. Meddelingen. 
Societe Hollandaise des Sciences, Haarlem: Sciences Exactes. 

Hunoaby. 

Botanisches Institut Musciun and Garten, Szeged : Folia Cryptogamita. 
Magyar Tudomanyos Akademia, Budapest: Reports and Mentoirs. 
•Hungarian National Museum, Budapest: Annales. 

Italy. 

Accademia Scicntifica Veneto-Trentino Istriana, Padova: Atfi. 
Oiomale Botanico ItdUano, Nuovo. 

Laboratorio di Zoologia Cienerale B. Agraria, Portice, Naples. 

Musei di Zoologia ed Anatomia Comp., Torino: BeiUetino. 
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Beale Aceademie del Lineei, Borne; Bendiconti. 

Beale Sodetli Geographica, Boma: BolletUno. 

Revieta Geographica ItaUana. 

B. Instituto Veneto di Scienze, Lettere ed Arti, Venezia: Atti; 
Memoirs. 

B. Ufficio Gteologico d ’Italia, Borne: Bolletino. 

Societa Africana d ’Italia: BoUettino. 

Societal Botanica Italiana, Firenze: BoUettino. 

Society Toscana di Scienze Naturali, Pisa: Processi verbali. 

Norway. 

Bergens Museum: Aarbok; Aarberetning. 

Det Kongelige Predriks Universitet, Christiania. 

Norwegian Aurora Polaris Expedition, 1902-3. 

Norwegian Meteorologischen Institute, Eristiana: Jahrb. 

Society of Arts and Sciences, Christiania (Oslo) : Scientific Results. 
Tromso Museum, Norway: Annual Report, Annuals, Memoirs. 

Btjssu. 

Biological Station, Saratov. 

Comite Geologique de Bussie, Leningrad: Memoir es. 

De la Societe des Sciences et des Lettres de^Vilno : Travaux de VInstit 
de Biologic Oenerale. 

Ichthyological Laboratory, Kerch: Trudi. 

Imperial University of Youriev, Dorpat : Revue Byzantine. 

Musee polonais d’hist. nat., Warsaw: Zoological publications. 

Bussian Entomological Society, Leningrad; Revue Russe d’Entomo- 
logie 

Societe Botanique de Pologne: Acta Societatis. 

State University, Voronesh: Trudi. 

Spain. 

Instituto Botanieo Univcrsidade de Coimbra: Boletin. 

Junta de Ciences Naturals de Barcelona: Series botanica, geologica. 
Beal Academia de Ciencias ezactes, fisicas y naturales, Madrid; 
Memorias. 

Sweden. 

Botaniska Notiser, Lund. 

Botaniska Tradgarden, Qoteborg: Bulletin. 

Entomologiska Poreningen, Stockholm: Tidskrift. 

Geologiska Poreningens, Stockholm: Forhandlingen. 

K. Universitet, Lund : Acta. 

Eungl Svenska Vetenskapademieus, Arkiv for 
Meteorologi^e lakttetdser i Sverige. 

Svenska Mosdtultur Poreningen, Jonkoping: Tidskrift. 

Svenska Naturskydds Poreningens Arsskrift, Stockholm; Sveriges 
Natur. 

Sveni^ Sallkkapet for Anthropologi och Geografi, Stockholm: Geo- 
^afiaka Aimaler. 

Svuiges Geologidca-Undersokning: Arsbok. 

University of Lund: Arsskrift. 
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SwnZSRLAlTD. 

Musee d’Histoire Naturelle, Geneve. 

Mnsei di Zoologia e Anatomia Comparata, Della B. Universita di 
Genova: BoUetino. 

Naturforschende Gesdlschaft, Basel: Verhandlungen. 

Naturforschende Gesellschaft, Bern: Mittheilungen. 
Natnrforschenden Gesellschaft, Zurich: Vierteljahrschrift. 

Societa Elvetica deUe Scienze Natural!, Bern: Atti. 

Societe do Physique et d 'Histoire Naturelle de Geneve. 

Verhandlungen der Naturforschenden Gesellschaft in Basel. 

India and Ckylon. 

Agricultural Department, Calcutta: Report on Progress of Agricul- 
ture. 

Agricultural Research Institute and College, Fusa : Report. 
Anthropological Society, Bombay: Journal. 

Asiatic Society of Bengal, Calcutta. 

Board of Scientific Advice: Annual Report. 

Botanic Survey of India, Sibpur, Calcutta: Records. 

Ceylon Journal of Science. 

Colombo Museum: Spolid Zeylanica. 

Geological Survey of India: Records and Memoirs. 

Imperial Department of Agriculture, Pusa: Reports, Review. 


Japan. 

Department of Agriculture and Commerce, Yokohama; Bulletin, 
leones Plantarum Formosanarum, Yaihoku. 

Imperial Earthquake Investigation Committee, Tokyo : Bulletin. 
Imperial Geological Survey of Japan; Report. 

Imperial University of Tokyo: Journal of the College of Science. 
National Research Council of Japan: Transactions and Abstracts. 
Tohoku Imperial University, Sendai : Science Reports. 

Malay States. 

Java Ethnographischen Reichsmuseums: Katalog. 

Malay States Government Gazette. 

Turkestan. 

Scientific Society of Turkestan: Transactions. 

Egypt. 

Ministry of Finance, Survey of Egypt, Cairo : Bulletins. 

South Africa. 

Cape of Good Hope Departments of Agriculture and Mines: Reports. 
Durban Museum, Natal: Annals. 
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Geological Society of South Africa, Johannesburg: Transactions. 
Natal Museum, Pietermaritzburg: Annals. 

Natal Surveyor-Generars Department: Report. 

South African Association for the Advancement of Science: South 
African Journal of Science. 

South African Museum: Annals. 

Transvaal Mines Department : Memoir. 

Transvaal Museum: Annals. 

Union of South Africa, Mines Department Geological Survey: Annual 
Reports; Memoirs. 


Canada. 

Advisory Council for Scientific and Industrial Research: Reports. 
Canadian Arctic Expedition, 1913-18: Report. 

Canadian National Parks: Booklets. 

Department of Naval Service : Annual Report; Tide Tables. 
Department of the Interior: Dominion Observatory Reports. 

Mines Department, Geological Survey Branch; Memoirs; Summary 
Report; Museum Bulletin. 

Mines Department, Mines Branch: Bulletins; Annual Report; other 
publications. 

Nova Scotian Institute of Science, Halifax; Proceedings. 

Ro 3 ^al Canadian Institute, Toronto: Transactions. 

Royal Society, Canada : Proceedings and Transactions. 

United States. 

Academy of Natural Sciences, Philadelphia: Proceedings. 
Agricultural College Experiment Station, Michigan: Reports; 
Bulletins. 

American Academy of Arts and Sciences : Proceedings. 

American Geographical Society, New York: Geographical Review. 
American Institute of Mining Engineers: Transactions. 

American Journal of Philology. 

American Museum of Natural Historj^ New York: Amer. Museum 
Noviates. 

American Museum of Natural History, New York; Bulletins. 
American Philosophical Society: Proceedings. 

Arnold Arboretum of Harvard University: Journal. 

Astronomical Society of the Pacific, San Francisco. 

Boston Society of Natural History; Proceedings, Memoirs, etc. 
Brooklyn Institute of Arts and Sciences: Bulletins. 

Buffalo Society of Natural Sciences; Bulletin. 

Californian Academy of Sciences: Proceedings. 

Californian State Fisheries Laboratory, East San Pedro. 

Chic^o University: Journal of Geology. 

Cincinnati Society of Natural History: Journal. 

Connecticut Academy of Arts and Sciences: Transactions; Memoirs. 
Connecticut Society of Civil Engineers: Proceedings. 

Cornell University Agrieultuiil Experiment Station : Memoirs; 
Bulletins. 
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Department of Begistration and Education, State of Dlinoiai 
Bulletin. 

Experiment Station, Michigan Agricultural College, East Lansing: 

Reports and BuUetvns. 

Field Museum of Natural History, Chict^. 

Franklin Institute: Journal. 

Industrial and Engineering Chemistry: Journal. 

John Crerar Library: Anniwd fiepor#. 

Johns Hopkins University, Baltimore: Studies; Circulars; Journal. 
Journal of Geology, Chicago. 

Leland Stanford Junior University: Publications. 

Library of Congress, Washington: Report. 

Lick Observatory, University of California. 

Lloyd Libraiy, Ohio : Index. 

Marine Biological Laboratory, Wood’s Hole, Mass: Biol. Bulletin; 
Maryland Geological Survey: Reports. 

Minnesota University and Geological Survey: Agricultural Experi- 
ment Station Bulletin. 

Missouri Botanical Gardens: Annals. 

Missouri Bureau of Geology and Mines: Reports. 

Museum of Comparative Zoology, Harvard: Bulletins; Annual 
Report; Memoirs. 

Mycological Notes, Cincinnati. 

National Academy of Seiences: Proceedings. 

National Geographic Society, Washington: Geographical Magazine. 
National Research Council : Reprints and Circulars. 

New York Academy of Seiences: Annals. 

New York Botanic Garden: Bulletin; Journal. 

New York State College of Agriculture. 

New York State Library: Museum Memoirs and Bulletins. 

Ohio Journal of Science. 

Ohio State University : Bulletin. 

Pennsylvania State College: Publications. 

Puget Sound Biological Station, University of Washington. 
Rochchester Academy of Sciences: Proceedings. 

Smithsonian Institution and U.S. National Museum: Annual Report; 
Miscellaneous Collections; Contributions to Knowledge; Bulletins; 
Contributions from U.S. National Herbarium. 

State University of New Mexico, Albuquerque: Publications. 

Tufts College: Studies (Scientific Series). 

U.S. Coast and Geodetic Survey : Annual Report. 

U.S. Department of Agriculture: Journal of Agricultural Research; 

Monthly TAst of Publications ; Year Book. 

U.S. Department of Commerce and Labour : Bulletin. 

U.S. Department of Agriculture, Bureau of Biological Survey : North 
American Fauna; Bulletins. 

U.S. Geological Survey : Annuel Report; Professional Papers; Mineral 
Resources; Bulletins; Water-supply Papers. 

U.S. National Research Council: Bulletins. 

United States Naval Observatory: Annual Report. 

University of California: Bulletin of Department of Geology. 
University of Kansas: Science Bulletin. 
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Umveorsity of McMgan: Papers. 

University of Missoixri : Sulletins; Studies, 

University of Oklahoma, Norman: Proceedings, Bulletins. 

University of Oregon. 

University of Washington. 

Virginia Geological Survey, Charlottesville; Publications. 

Wagner Free Institute of Science; Transactions. 

Washington Academy of Sciences: Proceedings. 

Wisconsin Academy of Sciences: Transactions. 


Aboentine. 

Academia Nacional de Ciencias: Boletin. 

Argentine Society of Oeographical Studies, Buenos Aires; Qaea. 
Ministeria da Agricultura Industria e Commercio: Monographs; 
Bulletin. 

Sociedad Cientifica Argentina : Anales. 

Universidad Nacionale de la Plata: Revista; Boletin; Contributions 
estudio de la Ciencias. 


Brazil. 

Da Escola Agricultura Bio de Janeiro. 
Museo Nacional Bio de Janiero : Archives. 
Observatorio de Bio de Janeiro. 


Mexico. 

Institute Gteologico de Mexico: Anales. 

Peeti. 

Cuerpo de Ingenieros de Mines del Peru: Boletin. 

Hawaii. 

Bishop Musetun: Jfemotrs. 


Phiuffikeb. 

Bureau of Science: Philippine Journal of Science. 

Tahitl 

Soci6t4 d ’Etudes Oceanniennes: Bulletin. 



996 


Appendix. 


LIST OP INSTITUTIONS 

TO WHICH 

THE FUBUCATIONS OF THE INSTITUTE ARE PRESENTED BY THE 
GOVERNORS OF THE NEW ZEALAND INSTITUTE. 


Honorary Members of the New Zealand Institute. 

New Zealand. 

Alexander Turnbull Library, Bowen Street, Wellington. 

Cabinet, The Members of, Wellington. 

Executive Library, Wellington. 

Forestry Department, Wellington. 

Free Public Library, Auckland. 

„ Christchurch. 

„ Dunedin. 

„ Invercargill. 

„ Wellington. 

Library, Auckland Institute, Auckland. 

„ Auckland Museum, Auckland. 

„ Biological Laboratory, Canterbury College, Christchurch. 

„ Biological Laboratory, University College, Auckland. 

„ Biological Laboratory, University of Otago, Dunedin. 

„ Biological Laboratory, Victoria University College, Wel- 
lington. 

„ Canterbury College, Christchurch. 

„ Canterbury Museum, Christchurch. 

„ Canterbury Public Library, Christchurch. 

„ Cawthron Institute, Nelson. 

„ Department of Agriculture, Wellington. 

„ Dunedin Athenaeum. 

„ General Assembly, Wellington (2 copies). 

„ Hawke’s Bay Philosophical Institute, Napier. 

„ Manawatu Philosophical Society, Palmerston North. 

„ Nelson College. 

„ Nelson Institute, Nelson. 

„ New Zealand Geological Survey. 

„ New Zealand Institute of Surveyors. 

„ New Zealand Institute, Wellington. 

„ Otago Institute, Dunedin. 

„ Otago Museum, Dunedin. 

„ Otago School of Mines, Dunedin. 

„ Philosophical Institute of Canterbury, Christchurch. 

„ Polynesian Society, Wellington. 

„ Portobello Fish-hatchery, Dunedin. 

„ Reefton School of Mines. 

„ Southland Museum, Invercargill. 

„ Thames School of Mines. 

„ University College, Auckland. 

„ University of Otago, Dunedin. 



List of Free Copies. 
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Library, Victoria University College, Wellington. 

„ Waihi School of Mines, Waihi. 

„ Wanganui Museum. 

„ Wellington Philosophical Society. 

Austria. 

Akademie der Wissenschaften in Wien. 

Intendanz des Naturhistorische Hofmuseums, Vienna. 

K.K. Central-Anstalt fiir Metcorologie und Erdmagnetismus, Vienna. 
K.K. Qeologische Eeichsanstalt, Vienna. 

Zoologisches Botanisches Gesellschaft, 111 Meehelgasse 2, Vienna. 

Belgium. 

Academic Royal des Sciences, des Lettres, et des Beaux-Arts de 
Belgique, Brussels. 

La Societe !^yale de Botanique de Belgique, Brussels. 

Musee Royal d’Histoire Naturelle de Belgique, Brussels. 

Societe Geologique de Belgique, Liege. 

Societe Scientifique de Bruxelles, 2 Rue du Manage, Louvain. 

Central Asia. 

University of Central Asia, Tashkent, c/o USSR Society of Cultural 
Relations with foreign countries, 6 Malaya Nikitskaya, Moscow 
69. 

China. 

Science Society of China, Nanking. 

Denmark. 

Uanmarks Geologiske I'ndcrsocgelsc, Copenhagen 
Dansk Geologisk Forening, Copenhagen. 

Natural History Society of Copenhagen. 

Royal Danish Academy of Sciences and Literature of Copenhagen. 

Finland. 


Abo Akademi, Abo. 

Pinska Vetenskats Societies, Helsingfors. 

Geol. Kommissionen i Finland, Helsingfors. 
Society de Geographie de Pinlands, Helsingfors. 

France. 


Bibliothlque Nationale, Paris. 
aius4e d’iffistoire Naturelle, Paris. 

Socidt4 Lmineene de Bordeaux 
Societe Linneene de Normandie, Caen. 

Soci4t6 Zoologique de Prance, Paris. 

Soci6t£ de Chimie Industrielle, 49 Rue de Mathurins, Paris. 
Soci4te des Sciences Phys. et Naturelles, Bordeaux 
University of Grenoble. 
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Germcmy. 

Biologisches Zentrdblatt, Beilin, Dahlem. 

Botanischer Veiein d^r Provinz Brandenburg, Berlin. 

Bremer Wiseenschaftlichen Gesellschaft. 

Deutsches Entomologisches Museum, Gossler-Str. 20, Berlin, Dahlem. 
Ethnological Institute, Tubingen. 

Gesellschaft der Wissenschaften, Gottingen. 

Institut G.D. de Luxembourg, Naturelles Sciences Physiques and 
Mathematiques. 

Kong. Akademie der Wissenschaften, Munchen. 

Kdnigliche Physikalisch-Oekonomische Gesellfichaft, Konigsberg, E. 
Prussia. 

Konigliches Zoologisches und Anthropologisch-Ethnographisches 
Museum, Dresden. 

Mathematische Gesellschaft, Berlin. 

Naturhistorischer Verein, Bonn. 

Naturhistorischer Museum, Hamburg. 

Naturwissenschaftlicher Verein, Bremen. 

Naturwissenschaftlicher Verein, Prankfurt-an-der-Oder. 
Naturforschenden Gesellschaft, Freiburg. 

Naturhistorische Gesellschaft, Hanover. 

Naturhistorisch-Medizinschen Verein, Heidelburg. 

Oberheinischer Geologischer Verein, Tubingen. 

Preussisehe Akademie der Wissenschaften, Berlin. 

Preussische Geologische Landesanstalt, Berlin. 

Prossische Bibliothek, Berlin. 

Rautenstrauch-Joest-Museum (Stadtisches Museum fiir Volkerkunde) 
Cologne. 

Redaction des Biologischen Centralblatts, Erlangen. 

Sachsische Akademie der Wissenschaften, Leipzig. 

Senckenbergische Naturforschende Gesellschaft, Frankfurt-am-Main. 
Staats und Universitatsbibliothek, Hamburg. 

Staatlichcs Forschun^institut fiir Volkerkunde, Leipzig. 

Verein fiir Vaterlandische Naturkunde in Wiirtemburg, Stuttgart 
Zoological Museum der Universitat, No. 4 Invalidenstr 43, Berlin. 


Great Britain, 

Athenaeum Subject Index to Periodicals, c/o National library of 
Wales, Aberystwyth. * 

Bodleian Library, Oxford University, 

British Association for the Advancement of Scienee, Burlington 
House, London Wl. 

British Museum Library, London. 

„ Natural History Department, South Kensington 
London S.W. 

Cambridge Philosophical Society, Cambridge University. 

Clifton College, Bristol, England. 

Dominions Office, Downing St, London, S.W.l. 

Durham Philosophical Society. 
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Oeological Magazine, Publi^eis 84-36 Margaret St., Cavendish 
^nare, Londcm. 

Geoli^cal Society, Glasgow. 

„ Burlington House, London, W.!. 

G^logicai Survey of the United Kingdom, Jermyn St., London, S.W. 
Geological Survey OfSce, 14 Hume Street, Dublin. 

Geologists’ Association, University College, Gower St., London. 

High Commissioner for New 2fealand, Strand, London, 'W.C.2. 
Imperial Bureau of Entomolo^, 89 Queen’s Gate, London, S.W.7. 
Imperial Institute, South Kensinj^on, London, S.W.7. 

Institution of Civil Engineers, Great George St., Westminster, Lon- 
don, S.W. 

International Catalogue of Scientific Literature, 34 Southampton 
Street, Strand, Londoin. 

Leeds Geolo^cal Association, Sunnyside, Crossgate, Leeds. 

Linnean Society, Burlington House, Piccadilly, London. 

Liverpool Literary and Phil. Society, University, Liverpool. 

Literary and Philosophical Society, Manchester. 

Liverpool Biological Society, University, Liverpool. 

Marine Biological Association of the United Kingdom, Plymouth. 
Natural History Society, 207 Bath St., Glasgow. 

Nature, The Editor of, Macmillan and Co., Publishers, London. 
Norfolk and Norwich Naturalist Society, The Castle Museum, Nor- 
wich. 

North of England Institute of Mihing and Mechanical Engineers, 
Newcastle-upon-Tyne. 

Patent Office Library, 25 Southampton Street. London W.C. 
Philosophical Society of Glasgow, Bath St., Glasgow. 

Royal Anthropological Institute of Great Britain and Ireland 52 
Upper Bedford Place, Russell Sq., London, W.C.l. 

Royal Botanic Garden Library, Edinburgh. 

Royal Colonial Institute, Northumberland Avenue, London, W.C. 
Royal Gardens, Kew, England. 

Royal Geographical Society, Kensington Gore, London S.W. 

Royal Institution, Colquitt Street, Liverpool. 

Royal Irish Academy, 19 Dawson Street, Dublin. 

Royal Physical Society, Synod Hall, Castle Terrace, Edinburgh. 
Royal Scottish Geographical Society, Synod Hall, Castle Terrace, 
Edinburgh. 

Royal Society, Dublin. 

„ „ Edinburgh. 

„ „ Burlington House, London, W.l. 

Royal Society of Literature of the United Kingdom, Bloomsbury Sq., 
London. 

Royal Statistical Society, 9 Adelphi Terrace, Strand, London, W.C.2. 
University Library, Cambridge, England. 

„ Edinburgh. 

Victoria Univerrity, Christie Library, Manchester. 

Victoria Institute, 1 Central Bldgs., Westminster, London. 

Whddon and Wesley, Ltd., London (Agaits). 

J^oological Society, Regents Park, Lemdon, N.W. 
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HoUand, 

Bureau Koninklijk Nederl. Aardrijkskundig Genootschap, 28 Saxen- 
Weimarlaan^ Amsterdam. 

Hollandsche Maatschappij der Wet., Harlem. 

Koninklijk Akademie van Wett, Amsterdam. 

Musee Teyler, Haarlem. 

Netherlands Entomological Society, Koloniaal Instituut, 62 Maurits- 
kade, Amsterdam. 

Rijks Geologisch-Mineralogisch Museum, Leiden. 

Hungary, 

Botanisches Institut Museum and Garten, Szeged. 

Magyar Tudomanj'^os Akademia, Budapest. 

Zoological Department, National Museum, Budapest. 

Italy, 

Accademia Scientifica Veneto-Trentino Istriana, Padova. 

Biblioteca ed Archivio Teenico, Rome. 

Laboratorio di Zoolo^ca e Agraria, Portici, Naples. 

Museo Civice di Storia Naturale, Genova. 

Museo di Zoologia e di Anatomia Comparata della ft. Universita, 
Turin. 

R. Accademia dei Lincei, Rome.* 

R. Accademia di Scienze, Lettre, ed Arti, Modena. 

R. Institute Veneto di Scienze, Lettere od Arti, Venezia. 

R. Ufficio Geologico, Rome. 

Societa Africana dTtalia, Naples. 

Societa Botanica Italians, Florence. 

Societa Geografica Italians, Villa Celimontana, Piazza della Navicella, 
Rome (24). 

Societa Toscana di Scienze Natural!, Pisa. 

Stazione Zoologies di Napoli, Naples. 

Mexico. 


Institute Geologico, Mexico. 


Norway. 

Adviser of Norwegian Fisheries, Postboks 226, Bergen. 
Bergens Museum, Bergen. 

Tromso Museum, Norway. 

University of Christiania. 


Poland. 

Musee polonais d’hist. nat., Warsaw. 

Russia. 

Biological Station, Saratxw. 

Comite G^ologique de Russie, tieningriuL 
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List of Free Copies. 

Ichthyolo^oal Laboratory, Kerch, c/o USSR Society of Cultural 
illations with foreign countries, Malaya Nikitskaya, Moscow 
69. 

Eiefskoie Obshchestvo lestestvo-Ispytatelei (Kief Society of Natural- 
lists), 37-10 U1 Korolenko, Kiev U.S.S.R. 

Russian Entomological Society, 2!oological Museum of the Academy 
of Sciences, Leningrad, USSR. 

State University, Veronesh, c/o USSR Society of Cultural Relations 
with foreign countries, Malaya Nikitskaya, Moscow 69. 

Spain. 

Institute Botanico Universidade de Coimbra. 

Junta de Cieneies Naturals, Barcelona, Apartado 593. 

Real Academia de Ciencias exactes, fisicas y naturales, Madrid. 

Sweden. 

Botaniska Tradgarden, Goteborg. 

Entomologiska Poreningen, Stockholm. 

Geological Survey of Sweden, Stockholm. 

Geologiska Poreningen, Stockholm. 

K. Universitet, Lund. 

Royal Academy of Science, Stockholm. 

Svenska Mosskultur Pomeingen, Jonkoping. 

Svenska Naturskydds Poreningen, Stockholm. 

Svenska Sallskapet fur Anthropologi och Geografi, Stockholm. 
Universitetsbiblioteket, Uppsala. 

Switzerland. 

Musci di Zoologia e Anatomia Comparata della R. Universita di 
Genova. 

Naturforschende Gesellschaft, Basel; Verhandlungen. 
Naturforschende Gesellschaft (Socidte des Sciences Naturelles), Bern. 
Naturforschenden Gesellschaft, Zurich; Vierteljahrschrift. 

Societe de Physique et d’Histoire Naturelle de Geneye. 

India. 

Anthropological Society, Bombay. 

Asiatic Society of Bengal, Calcutta. 

Botanic Survey of India, Sibpur, Calcutta. 

Colombo Museum, Ceylon. 

Geolo^cal Survey of India, Calcutta. 

Imperial Department of Agriculture, Pusa; Reports, Review. 

Malay States. 

Raffles Museum, Singapore. 


Japan. 

College of Science, Imperial University of Japan, Tokyo. 
Imperial Geological Survey of Japan, Tokyo. 

Ohara Institute for Agriculture, Japan. 
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Java. 

Kon. Bat. Geaootsdiap van Wet., Batavia. 

Society of Natural Sci^ice, Batavia 

Soufh Africa. 

Durban Museum, Natal. 

Free Public Library, Cape Town. 

Geological Society of South Africa, Johannesburg. 

Geological Survey, Union of South Africa, Pretoria. 

Natal Museum, Pietermaritzburg. 

Rhodesia Museum, Bulawayo, South Africa. 

South African Association for the Advancement of Science, Cape 
Town. 

South African Museum, Cape Town. 

British North America. 

Geological and Natural History Survey of Canada, Ottawa. 

Hamilton Scientific Association, Hamilton, Canada. 

Institute of Jamaica, KingM:on, Jamaica. 

Library, Department of Agriculture, West Block, Ottawa, Canada. 
Library, Advisory Research Council, Ottawa, Canada. 

Natural History Society of New Brunswick, St. John’s. 

Nova-Scotian Institute of Natural Science, Halifax. 

Royal Canadian Institute, Toronto. 

United States of America. 

Academy of Natural Sciences, Buffalo, State of New York. 

„ Davenport, Iowa. 

„ Library, Philadelphia. 

„ San Francisco. 

American Academy of Arts and Sciences, Boston. 

American Engineering Societies’ Library, 29 West 39th Street, New 
York. 

American Geo^aphical Society, New York. 

American Journal of Science (Editors), Yale University, New Haven, 
Conn. 

American Museum of Natural History, New York, Bulletins only. 
American Philosophical Society, Philaddphia. 

Arnold Arboretum, Harvard University, Jamaica Plains, U.S.A. 
Astronomical Society of the Pacific, San Francisco. 

Boston Society of Natural History. 

Brooklyn Botanical Gardens, New York. 

California State Fisheries Laboratory, East San Pedro. 

Chemical Abstracts, Ohio State University, Columbus, Ohio. 
Cincinnati Society of Natural History. 

Connecticut Academy, New Haven. 

Department of Agriculture, Library, Washington, D.C. 

Department of Botany, University of Montima. 

Eaton Memorial Library, Tufts College, Mass. 

Experiment Station, Michigan Agrie&tural College, Bast 
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Lut of Free Copies. 

Field IkCasenia of Natoxal History, Chicago. 

Franklin Institute, Philadelphia. 

Johns Hopkins University, Baltimore. 

Journal of Oeology (Editors), University of Chicago, Chicago. 111. 
Kansas University, U.S.A. 

Leland Stanford Junior University, California. 

Library, Bureau of Science, Manila. 

Lloyd library, 309 West Court St., Cincinnati, Ohio. 

Marine Biological Laboratory, Wood’s Hole, Mass. 

Missouri Botanical Gardens, St. Louis, Mo. 

Museum of Comparative Zoology, Cambridge, Mass. 

National Academy of Sciences, B. and 21st Streets, Washington, D.C. 
National Geographic Society, Washington, D.C. 

New York Academy of Sciences, 77th Street and CenlTal Park West, 
New York. 

New York Botanical Garden, Bronx Park, New York City. 

New York State College of Agriculture, Ithaca, New York. 

New York State Library, Albany, New York. 

Ohio Academy of Sciences, Ohio, Columbus. 

Pennsylvania State College. 

Princeton University, U.S.A. 

Puget Sound Biological Station, Univ. of Washington. 

Rochester Academy of Sciences. 

Smithsonian Institute, Washington, D.C. 

State University of New Mexico, Albuquerque. 

United States Geological Survey, Washington. 

University of California, Berkeley, U.S.A. 

University of Illinois, Urbana, Illinois. 

University of Kansas. 

University of Michigan. 

University of Minnesota, Minneapolis. 

University of Missouri, Columbia. 

University of Oklahoma, Norman. 

University of Oregon. 

University of Washington, Seattle. 

V’irginia Geological Survey, Charlottesville. 

Wagner Free Institute of Science of Philadelphia. 

Wisconsin Academy of Sciences, Arts, and Letters, Madison. 


Argentine Bepuhlic. 

Academia Nacional de Ciencias, Cordoba. 

Argentine Society of Geographical Studies, Buenos Aires. 

Direecion General de Minas, Geologia e Hidrologia Buenos Aires. 
Museo Nacional de Historia Natural de Buenos Aires, Casilla del 
Correro. 

Sociedad Cientifica Argentina, Buenos Aires. 


Braeil. 

Escola de Minas, l^o de Janeiro. 
Museu Paulista» Sao Paulo. 
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Uruguay. 

Museo Nacional. Monte Video. 

Hawaii. 

Bernice Pauahi Bishop Museum, Honolulu. 

National Library, Honolulu. 

Volcano Observatory, Eilauea, Hawaii Islands. 

New South Wales. 

Agricultural Department, Sydney. 

Australasian Association for the Advancement of Science, Sydney. 
Australian Museum Library, Sydney. 

Consulate-General of the Czecho-Slovak Republic, Sydney. 
Department of Mines, Sydney. 

Engineering Institute of New South Wales, Watt Street, Newcastle. 
Institution of Engineers, Marcleay House, 16 College St., Sydney. 
Library, Botanic Gardens, Sydney. 

Linnean Society of New South Wales, Sydney. 

Public Library, Sydney. 

Royal Society of New South Wales, Sydney. 

University library, Sydney. 

Queensland. 

Geological Survey Office, Brisbane. 

Queensland Museum, Brisbane. 

Royal Society of Queensland, Brisbane. 

South Australia. 

Public Museum and Art Gallery of South Australia, Adelaide. 

Royal Society of South Australia, Adelaide. 

University Library, Adelaide. 

Tasmania. 

Mines Department, Hobart. 

Public Library of Tasmania, Hobart. 

Royal Society of Tasmania, Hobart. 

Victoria. 

Advisor Council of Science and Industry, 314 Albert Street, East 
Melbourne. 

Australian Institute of Mining Engineers, Melbourne. 

Commonwealth Institute of Science and Industry, Danks Buildings, 
391 Bourke Street, Melbourne. 

Field Naturalists’ Club, Melbourne. 

Geological Survey of Victoria, Melbourne. 

Legislative Library, Melbourne. 

National Herbarium of Victoria, South Yarra. 

National Museum, Melbourne. 

Royal Society of Victoria, Melbourne. 

Public Library, Melbourne. 

University Library, Melbourne. 

Western Australia. 

Government Geologist, Geological Survey Office, Box L 906, G.P.O., 
Perth. 

Royal Society, Perth. 
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abrasion of gravel and colloid substances 
( Marshall )« 609. 

abstracts: 

Amendments to the International Rules 
for Zoological Nomenclature, 424. 
fishiness in dairy-products, 425. 
the N.Z. glowvroTm,Boletophila (Arach- 
nocampa) luminosa, by G. V. Hud- 
son, 426. 

Acanthophrys filholif in revision (Chilton 
and Bennett), 741. 

Acxphylla Monroi, host of Pucciiiia Gror 
Kami (Cunningham), 492. 

Acmaeidae of Chatham Is. (Finlay), 240. 

Acomima adspersa nimia n. subsp., with 
figs. (Finlay), 254. 

Actcon chattonen8i9in, sp., with fig. (Mar- 
wick), 925. 

minxitxssimus, occ. (Bartrum-Pow- 

ell), 161. 

svlcatuSf occ. (Oliver), 288. 

Acumxxua suteri n. sp., with fig. (Mar- 
wick), 925. 

transxtorsa n. sp., with fig. (Mar- 
wick), 924. 

Accidxuni Celmisiae’discotoris, hosts of 
(Cunningham), 501. 

Cchnisiae-petiolatae, aecidial stage 

of A, Celmisiae (Cunningham), 502. 

Celmisxae’Petriex, host of (Cunning- 
ham), 502. 

dxsci forme (Cunningham), 496. 

Hebe n.f. sp. (Cunningham), 496. 

Macrodontacy now syn. (Cunning- 
ham), 502. 

microstomum (Cunningham), 497. 

otira n.f. sp. (Cunningham), 498. 

Planiaginis-variaey host of (Cun- 
ningham), 501. 

T raver side n.f. sp. (Cunningham), 

498. 

acHtlandicum n.f. sp. (Cunning- 
ham), 495. 

Aeschvodomus worleyi n.sp., with fig. 
(Powell), 365. 

Albany conglomerates, Takapuna-Silver- 
dale dist. (Turner and Bartrum), 874. 

Alcithoe arabiculOy occ. (Bartrum-Pow- 
ell), 161 . 

• — calva n. sp., with figs. (Powell), 

362. 

johnstoni n. sp., with figs. (Powell), 

363. 

- — mackayi occ. (Bartrum-Powell), 160. 

parvdy occ. (Bartnim-Powell), 160. 

propearahicuta n. sp., with fig. (Bar- 
trum-Powell), 148; occ., 160. 


Alcithoe swainsoniy with figs. (Powell), 
361. 

, motutarensis n. subsp., with 

figs. (Powell), 361. 

Alcyonarians from N.Z. (Benham), 67. 

Alcyonium aurantiacuMy with figs. (Ben- 
ham), 71. 

Aletia dentatay ident. (Philpott), 483. 

gourlayiy replaced by E. mitis (Phil- 
pott), 483. 

mitiSy replaces E, gourluyi (Phil- 
pott), 483. 

Allan H. H., elected fellow N.Z. Inst, 1. 

Aloidxs zelandicdy Chatham Is. (Finlay), 
281. 

AlucitOy genitalia, with figs. (Philpott), 
647. 

Angelica geniculatOy host of Puccinia 
Kinseyi (Cunningham), 493. 

Anxsotome imhricata, host of Puccinia 
whakatipu (Cunningham), 500. 

xntermedxay host of Puccinia kopoti 

(Cunningham), 500. 

petraea, host of Puccinia whakatipu 

Cunningham), 500. 

piliferay host of Puccinia kopoti 

(Cunningham), 500. 

Anomia trigonopsiSy occ. (Bartrum-Pow- 
ell), 160. 

angler, striped, See Antennariua striatus, 
387. 

Antennarius striatuSy with fig. (Griflftn), 
387. 

Anthomastus phalloides n. sp., with figs. 
(Benham), 79. 

zealandicus n. sp., with fig. (Ben- 
ham), 75. 

Anthoxantlium odoratum, host of Tilletia 
Anthoxanthi (Cunningham), 603. 

Antipodiella chappuisi n. sp., with figs. 
(Brehm), 787. 

Antisolanum egenuniy Chatham Is. (Fin- 
lay), 238. 

vixincisum n. sp., with fig. (Mar- 
wick), 915. 

Anuraea cochleariSy occ. (Brehm), 790, 

Apocynophyllum inaequilaterale n. sp., 
with fig. (Oliver), 298. 

novae zelandiae n. sp., with fig. 

(Oliver), 296. 

Area suhvelatay occ. (Bartrum-Powell), 
160. 

(Acar) opuraensis n. sp., with fig. 

(Bartrum-Powell), 154; occ., 160. 

(Barbatia) novae^zelandiaCy occ. (Ba^ 

trum-Powell), 160. 

Archyala opulenta, diff. from A. terrmea 
(Philpott), 489. 
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Arctocephalui caning n. sp., with fig. 
(Berry), 208. 

-7— Stookerif X-ray photo, of (Berry), 
208. 

Argonauts argo, occ. (Finlay), 234. 

Arthothelium vermiferum nov. sp. (Zahl- 
hruckner and ore.), 310. 

Arthur, Mount, diet, graptolites (Keble 
and Benson), 840. 

Aicerodest genitalia, with fig. (Philpott), 
448. 

Aspicolpua Budsonif notes (Gourlay), 
369. 

AsteUa nervosa var. sylvestris, growth 
and development (McCarthy), 343. 

Aston, B. C., presidential address, 25. 

astronomy, orbit of comet 1927k (Glover), 
429. 

AltHna zelandica, occ, (Bartrum-Powell), 
161. 

Aulacomya maorianas Chatham Is. (Fin- 
lay), 271. 

Austrodrillia cinctuta n. sp., with flg. 
(Marwick), 922. 

koruahinensis n. sp., with figs. 

(Bartrum-Powell), 150; occ., 160. 

.laevis, occ. (Bartrum-Powell), 160. 

Austrofusus chathamensis n. sp., with 
figs. (Finlay), 253. 

glans agrestior, Chatham Is. (Fin- 
lay), 254. 

precursor f occ. (Marwick), 906. 

proprenodosa, occ. (Bartrum-Pow- 
ell), 147, 160. 

(Neocola) ngatuturaensis n. sp., 
with figs. (Bartrum-Powell), 147; occ., 
160. 

Austromitra ruhiginosa, Chatham Is. 
(Finlay), 256. 

Austronoha martini n. sp., with figs. 
(Finlay), 242. 

Ausirotoma maequahilis n. sp., with fig. 
(Marwick), 922. 

scopalveuSt occ. (Bartrum-Powell), 

150, 160. 

I toreuma n. sp., with flg. (Marwick), 

923. 

Austrovenus stuchbvTy% Chatham Is. 
(Finlay), 278. 

Avena fatua^ host of Vstilago Avenae 
(Chinningham), 504. 

Awatere, raised beaches (Jobberns), 510. 

Axymene traversi, Chatham Is. (Finlay), 
267. 

Azygograpius prolixus n. sp., with, fig. 
Keble and Benson), 855; in syhop. 
table, 847. 

Bacidia perparva nov. sp. (Zahlbmdkner 
and ors.), 311. 

Bactra, genitalia, with fig. (Philpott), 
475, 

Bimgia fusco-purpureat history (Laing), 
34. 

Baagiales, N.Z. (Laing), 33. 


Banks Peninsula, geology (Jobbeim), 
555. 

000, (Bartrum-PowBll). 

160. 

B^trum, J. A., elected fellow N.Z. Inst, 

Baryspira, Chatham Is. (Finlay), 249. 

^ electa n. sp., with flg. (Marwick), 

921. 




Powell), 149; occ., 160. 

—— hebera (Bartrum>Powell), 149; occ., 
160. 

~ — rolusta, occ. (Marwick), 906. 
Bassina speightif occ. (Marwick), 906. 

~ — yatei, occ. (Oliver), 288. 
beaches, See raised beaches. 

Bealey, Upper, River Basin, vegetation 
(Laing and Oliver), 716. 

Beilschmiedia ovata n. sp., with flc 
(Oliver), 293. 

Bembiciidae n. fam. |Finlay), 241. 
Bennett, B. W., fresh^Vater fauna of N.Z., 


research grant, 1927-8, 951. 

Blyth Rlv., geology! (Jobberns),’ 535, 641. 

Bobs Flat, geology (Jobberns). 549. 

Boeckella fiamata n. sp.. with fie 
(Brehm), 807. 

Boletophila (Arachnocampa) luminosa, 
observations on, 426. 

Bollard, R. F., decease of, 26. 

Borhausenia sinuosa n. sp. (Philpott), 
488. 

terrena, validity of sp. (Philpott). 

488. 

xanthodesma diff. from B. compso- 

gramma (Philpott), 488. 

Bosmina fatalis, status of (Brehm), 810. 

hagmanni, status of, with figs. 

(Brehm), 796; further remarks, 810. 

Boundary Creek, N. Canterbury, break in 
Tertiary sequence (Speight and Job- 
bems), 220. 

Biouvieria aurantiacus, (Chatham Is. (Fin- 
lay), 262. 

Brachyura, revision of (Chilton and Ben- 
nett), 731. 

Brama raii, with fig. (Griffin), 378. 

bream, Rays, See Brama raii, 378. 

Brett, H., decease of, 25. 

bromide, absorption in alkaline solutions 
(Askew), 180. 

Brookes, A. B., mearch grant, 1927-8, 
951, 

Brown, Mount, beds, Hui*unui (Bpelgbt 
and Jobberns), 217. 

Bucelnulidae n. fam. (Finlay), 260. 

Buocinulum Uneum, Chatham Is. (Fin- 
lay), 261. 

-7— parndnm n. sp., with flg. (Ftolay), 
251. 

BumneUa enysi, oce. (Marwlek)^ 9M* 
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l)uUsere, Bee Fempheris comprem, 880« 
1>ushH5ickneBB (Grlmmett and Simpson), 
395. 


Calappa Jiepaticat in rovision (Chilton 
and Bennett), 775. 

calcium-reaulroment of stock (Aston), 
410. 

€alUdina angueticollUt occ. (Brehm), 
790, 

Caltha novae’^elmdiaet host of Aecidium 
westlmdicum (Cunningham), 195. 

oMusUt host of Aecidium westlandi- 

cum (Cunningham), 496. 

Camptocerua sp., with figs. (Brehm), 803. 

adhaerens, desc. (Brehm), 805. 

atwvus^ status of (Brehm), 806. 

australia, status of (Brehm), 806. 

naticochensis, desc. (Brehm), 806. 

Campylopus appresaifoUus* status of 
(Sainsbury), 506. 

clavatus status of (Sainsbury), 506. 

status of (Sainsbury), 506. 

Cancer novae-zealmdiaCf in revision 
(Chilton and Bennett), 744. 

— t— pleheius, status of (Chilton and Ben- 
nett), 744-5. 

Canterbury drinking-water, radium ema- 
nation (Milligan and Rogers), 389. 
Canterbury Plains, geology (Jobberns), 
553. 

Cantharidus opaluSf Chatham Is. (Pin- 
lay), 238. 

Canthocamptus maoricus n. sp., with figs, 
(Brehm), 785. 

misogynus n. sp., with figs. 

(Brehm), 784. 

Capua spp., genitalia, with flgs. (Phil- 
pott), 451. 

Cardamine bilobafo, host of Puccinia 
inornata (Cunningham), 501. 

Cardita aoteana, Chatham Is. (Plnlay), 
273. 

aoteana occ. (Bartrum-Powell), 155, 

160. 

calyculatUf classifn. of (Bartrum- 

Powell), 155. 

Carex diandra, occ. (Carse), 315 . 
Carmichaelia o'listrolis, Waipaoa Series, 
with fig. (Oliver), 299. 

Carposinat genitalia, with figs, (Phil- 
pott), 476. 

Carposinidae, genitalia (Philpott), 476. 
Carter Bequest, extracts from will, regu- 
luB, etc., 959, 

Cassida, Recent and fertlary (Powell), 
629. 

Catwmacta, genitalia, with figs. (Phil- 
pott), 452. 

cauliflory (Plgott), 817. 

Ctwellia apeKm n. sp„ with fig. (Powell), 
366. 

Cavolim iekmus, CSialhfim Is. (Finlay), 
261. 


Celmiaia Armatrongiif host of Puccinia 
Oelniaiae (Cunningham), 501. 

graminifoHat host of Puccinia Ceh 

mUiae (Cunningham), 501. 

Haastii, host of Aecidium CelmUiae^ 

Petriei (Cunningham), 502 , 

incarto, host of Aecidium Oelmiaiae- 
discoloris (Cunningham), 501. 

hyalin, host of Puccinia Celmisiae 

(Cunningham), 501. 

novae-zelandiae, host of Aecidium 

Celmisiaedisooloris (Cunningham), 501. 

Traversii, host of Puccinia Celmu 

siae (Cunningham), 501. 

viscosa, host of Aecidium Celmisiae- 

discoloris (Cunningham), 502. 

Walkeri, host of Aecidium Celmi- 

siaedtscoloris (Cunningham), 501. 
Cephalodella mucronata, occ. (Brehm), 
791. 

Ceratopetalum pacificum n. sp., with fig. 
(Oliver), 300. 

Ceriodaphnia, Lake Lyndon (Brehm), 
793; records from Aust. and N.Z., 794. 

duhia, occ. (Brehm), 794-6. 

CerWnopsis aequicincta, occ. (Bartrum- 
Powell), 161. 

chalazoidites of Scinde Isld. (Berry), 671. 
Charonia capax, Chatham Is. (Finlay), 
246. 

Chasmagnathus laevis, in revision (Chil- 
ton and Bennett), 772. 

subquadratus, in revision (Chilton 

and Bennett), 771. 

Chatham Isids., geology of (Allan), 824. 

Recent mollusca (Finlay), 232, 

Chathamina n. subgen. (Finlay), 251, 
252. 

characteristica n. sp., with figs. 

(Finlay), 252, 

Chatton, Tertiary Molluscan Fauna (Mar- 
wick), 903. 

Chattonia animula n. gen. and sp., with 
figs. (Marwick), 909. 

Cheltenham Grit, origin of (Turner and 
Bartrum), 878. 
chemical fogs (Askew), 165. 

Chilton, C., grant from Hutton Memorial 
Research fund, 956. 

Chione stutchhuryi, occ. (Oliver), 288. 
Chitonidae, new species (Bucknill), 163. 
Chlamys celator n. sp., with figs. (Pln- 
lay), 268. 

dichrous Chatham Is. (Finlay), 269. 

radiatus, Chatham Is. (Finlay), 269. 

suprasilis, Chatham Is. (Finlay), 
269. 

chloride, absorption in alkaline solutions 
(Askew), 180. 

Chlorocyphella Hchenicola nov. sp. (Zahl- 
bruckner), 813. 

Chrysopnanus enysi, replaced by C. /ere- 
dayi (Philpott), 481. 

feredayi, replaces (7. enysi (Phil- 
pott), 481. 
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Cintractia Bchoenus n. sp. (Cunnings 
bam), 503. 

Oirsotrenia lyratum, occ. (Marwick), 905. 

zelebori Chatham Is. (Finlay), 246. 

Cladocera of N.Z. (Brehm), 791. 

Clarence River, geology (Jobberns), 618. 
Clavularia thomsoni, with figs. (Ben- 
ham), 68. 

Cleidothaerua maorianus, Chatham Is. 
(Finlay), 272. 

Cleistostoma hirtipes, status of (Chilton 
and Bennett), 759. 

Clematis obovata n. sp., with fig. (Oli- 
ver), 296. 

Climacograptus, occ. (Keble and Benson), 
844-847. 

antiquum, with fig, (Keble and Ben- 
son), 858; in synop. table, 847. 

missilis, with figs. (Keble and Ben- 
son), 858; in synop. table, 847. 
ding-fishes. See Gobiesocidae, 384. 
clouds, chemical (Askew), 165. 

Clutha Valley, Upper, glaciation (Fer- 
rar), 616. 

CnephasiUy genitalia, with figs. (Phil- 
pott), 445. 

fastigatay removed from Tortrix 

(Philpott), 487. 

coasty disease, same as bush sickness 
(Grimmett and Simpson), 396. 

Cochlis haweraensis, occ. (Bartrura- Pow- 
ell), 145, 160. 

consortiSy occ. (Marwick), 905. 

notocenicUy occ. (Marwick), 906. 

notocenicdy occ. (Bartrum-Powell), 

146, 160. 

zelandica, Chatham Is. (Finlay), 

247. 

Cockayne, L., Mueller medal and other 
honours conferred, 23. 

Coelotrochus Untboni, Chatham Is, (Fin- 
lay), 237. 

Ooleosporium Fuchsiae, replaced by 
JJredo konini (Cunningham), 502. 
colloid substances formed by abrasion 
(Marshall), 609. 

Oolobanthus aciculariSy number of sepals 
(Lalng and Oliver), 724. 
comet, 1927k, Skjellerup (Glover), 429. 
Cominella adspersa, occ. (Oliver), 288. 
facinenosa n. sp., with figs. (Bar- 
trum-Powell), 148; occ., 160. 

maculosa, Chatham Is. (Finlay), 

254. 

(Coniinista) chattonensiSy occ. 

(Marwick), 905. 

Oominista glandiformis, Chatham Is. 
(Finlay), 256. 

See also Cominella. 

Condylocardia crassicosta, Chatham Is. 
(Finlay), 273. 

Conway Riv., break in Tertlaiy sequence 
(Speight and Jobberns), 219. 

Oookia sulcata, Chatham Is. (Finlay), 
240. 


Copepoda of N.Z., 779. 

Coprosma macrocarpa, occ. (Carse), 816. 

vulcanica n. sp., with fig. (Oliver), 

803. 

CorbukL canaliculata, occ. (Marwick), 905. 

haastiana, Chatham Is. (Finlay), 

281. 

pumila, occ. (Marwick), 905. 

zelandica, occ. (Bartrum Powell), 

161. 

Cordophyllum* n. subg. (Oliver), 714. 
Cordylophora fluviatilis, status of name 
(Fyfe), 814. 

lacustris var. ctagioense n. subsp., 

with figs. (Fyfe), 813. 

Coriaria arborea, Waipaora Series, with 
fig. (Oliver), 296. 

Costokidderia costata, Chatham Is. (Fin- 
lay), 272. 

Cotton, C. At, Hector award, 1928, 5. 
cow, phosphorus-supply needed (Aston), 
655; consumption of food by, 656. 
Crocidosema, genitalia, with fig. (Phil- 
pott), 473. 

Cromwell Basin, glaciation (Ferrar), 616. 
Crypta opuraensis n. sp., with fig. (Bar- 
trum-Powell), 145, occ., 160. 

turnialis n. sp., with figs. (Bartrum- 

Powell), 144; occ., 160. 

Cryptoconchus marwicki n. sp., with fig. 
(Bucknill), 163. 

Ci-yptograptus, occ. (Keble and Benson), 
844-846. 

trioomis, with figs. (Keble and 

Benson), 869; in synop. table, 847. 
Cryptomella, See Phenatoma. 
crystal, surface-charge of (Burbidge), 
665. 

Ctenopseustis, genitalia, with fig. (Phil- 
pott), 447. 

Cucnllaea worthingtoni, occ. (Marwick), 
907. 

Cuna cerussata n, sp., with figs. (Bar- 
trum-Powell), 154; occ., 160. 
Cunningham, G. H., research grant, 1927- 
8, 951. 

Curtis, K. M., research grant, 1927-8, 961. 
Cyamiomactra problematica, Chatham Is. 
(Finlay), 276. 

Cyclograptus lavauxi, in revision (Chil- 
ton and Bennett), 770. 

whitei, in revision (Chilton and 

Bennett), 769. 

Cyclopecten compitum n. sp., with fig. 
(Marwick), 909. 

Cylichnina sp., occ. (Bartrum-Powell), 
160. 

Cymatium spengleri, Chatham Is. (Pin- 
lay), 246. 


dairy products, fishiness in, 426. 
Danthonia Cmninghamii, host of Vredo 
haumata (Cunningham), 499, 

flavescens, host of Vredo haumata 

(Cunningham), 499. 
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Dardanula oUvacea, Chatham Is. (Fin- 
lay), 248. 

Dasynris austrina, hg. of variety (Phil- 
pott), 484. 

Delachauxiella BennettU n. sp., with figs. 
(Brehm), 781. 

insignia n. sp., with figs. (Brehm), 

782. 

Denham, H. 0., research grant, 1927-8, 
951. 

Dentalium sp., occ. (Bartrum-Powelh, 
160. 

solidum, occ. (Marwick), 906. 

DicellograptuSt occ. (Keble and Benson), 
844-847. 

divaricatuSt with fig. (Keble and 

Benson), 863; in synop. table, 847. 

Dichograpius, occ. (Keble and Benson), 
844, 846, 847. 

DicranograptuSt occ. (Keble and Benson), 
846. 

rectus, with figs. (Keble and Ben- 
son, 863; in synop. table, 847. 

Didym^graptus, occ. (Keble and Benson), 
844-847. 

caducens, with fig. (Keble and 

Benson), 852; in synop. table, 847. 

^ caducens var. manuhriatus, with fig. 

(Keble and Benson), 853; in synop. 
table. 847. 

caducens mut. spinifer n. mut., with 

fig. (Keble and Benson), 853; in synop. 
table, 847. 

euodus, with figs. (Keble and Ben- 
son), 852; in synop. table, 847. 

mundus, with fig. (Keble and Ben- 
son), 850; synop. table, 847. 

nitidus var. aorangicnsis n. var., 

with fig. (Keble and Benson), 849. 

ovatus, with fig. (Keble and Ben- 
son), 854; in synop. table, 847. 

sagitticaulis, with fig. (Keble and 

Benson, 850; in synop. table, 847. 

var. cohltensis n. var., with figs. 

(Keble and Benson), 851; in synop. 
table, 847. 

— superstes, with fig. (Keble and Ben- 
son), 851; in synop. table, 847. 

Difflugia acuminata, occ. (Brehm), 790. 

Diplocrepis tumidus n. sp., with fig. (Grif- 
fin), 385. 

T)iplodonta zelmdica, identity, etc. (Bar- 
trum-Powell), 156-7, 160. 

Diplograptus, occ. (Keble and Benson), 
844-847. 

euglyph'us var. coitus n. var., with 

fig. (K^ble and Benson), 857; in synop. 
table, 847. 

euglyphus var. sepositus, with fig. 

(Keble and Benson), 856; in synop. 
table, 847. 

perexcavatus, with fig. (Keble and 

Benson), 858; in synop. table, 847. 

semotus n. sp., with fig. (Keble 

and Benson), 857; in synop. table, 847. 


Diplograptus spiculatus n. sp., with figs. 
(Keble and Benson), 856; in synop. 
table, 847. 

Bee'^also Cockayne, L., end Allan, 

H. H. 

DissotrocUa aculeata, occ. (Brehm), 790. 
Divaricella cumingi, Chatham Is. (Fin- 
lay), 273. 

occ. (Bartrum-Powell), 160. 

dopiness, or bush-sickness (Aston), 412. 
Doryctes pallida n. sp. (Gourlay), 369. 
Dosinia grayi, occ. (Oliver), 288. 

kaawaensis, occ. (Bartrum-Powell), 

160. 

lamhata, occ. (Bartrum-Powell), 160. 

subrosea, occ. (Bartrum-Powell;, 

160. 

[Phacosoma) maoriana, occ. (Bar- 
trum-Powell), 160. 

{]:oina) imperiosn n. sp , with figs. 

(Marwick), 914. 

imperiosa n. sp., with figs. 

(Marwick), 914. 

^ sodalis n. sp., with figs. (Mar- 

wick), 913. 

Dosinula zelandica, Chatham Is. (Fin- 
lay), 276. 

Dracophyllum, revision of genus (Oli- 
ver), 678; history of discovery, 679; 
synopsis of species, 682. 

aciculanfoHuni, classifn., with fig. 

(Oliver), 703. 

Adamsii, classifn., with fig. (Oliver), 

702. 

amabile, classifn., with fig. (Oliver), 

708. 

arboreum, classifn., with fig. (Oli- 
ver), 694. * 

arcuatum n. hybr. sp., classifn. (Oli- 
ver), 701. 

collinum n. sp., classifn., with fig. 

(Oliver), 696. 

densiflorum n. hybr. sp., classifn. 

(Oliver), 699. 

dracaenotdes, classifn. (Oliver), 710. 

- 7 — erectum n. hybr. sp., classifn. (Oli- 
ver), 688. 

fiUfolium, classifn. (Oliver), 695. 

fiordense n. sp., classifn., with fig. 

(Oliver), 705. 

Fitzgcraldi, classifn., with fig. (Oli- 
ver), 711. 

gracile, classifn. (Oliver), 708. 

insulare n. hybr. sp., classifn. (Oli- 
ver), 703. 

involucratum, classifn., with fig, 

(Oliver), 714. 

Kirkii, classifn. (Oliver), 691-2. 

latifolium, classifn. (Oliver), 711. 

Lessonianum, classifn. (Oliver), 696. 

longifolium, classifn. wltli fig. (Oli- 
ver), 701. 

marginatum n. hybr. sp., classifn. 

(Oliver), 697. 

— — Matthewsii, classifn. (Oliver), 712. 
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DracophpUum MenzieHi, cilaasifii., with 
flg. (Oliver), 706. 

Milligani^ claasifn., with llg. (Oli- 
ver), 710. 

classifn., with fig. (Oli- 
ver), 686 . 

montanunit same as D. varium* (Oli- 
ver), 700. 

muscoides, classifn. (Oliver), 685. 

paindosumt classifn. (Oliver), 693. 

paliiatre n. name, classifn, (Oliver), 

690. 

patens n. sp., classifn., with fig. 

(Oliver), 698. 

Pearsoni, classifn. (Oliver), 687. 

peninsulare n. sp., classifn. (Oliver), 

690. 

politmif classifn.,' with fig. (Oliver), 

687. 

pronum n. name, classifn., with fig., 

(Oliver), 686 . 

prostratuniy classifn. (Oliver), 686 . 

pubcscens, classifn. (Oliver), 692. 

rawosum^ classifn., with fig. (Oli- 
ver), 707. 

r&eurvatum>, classifn., with fig. (Oli- 
ver), 712. 

recurvum, classifn. (Oliver), 700. 

rosmarinifolium^ status of (Oliver), 

686 ; classifn., with fig., 688-9. 

saxicohim n. hybr. sp., classifn. 

(Oliver), 688 . 

Sayeri, classifn., with fig. (Oliver), 

710, 

scoparium, classifn. (Oliver), 692-3. 

secundum, classifn. (Oliver), 706, 

707. 

- 7 — squarrosum, classifn., with fig. (Oli- 
ver), 698. 

strictum, classifn., with fig. (Oli- 
ver), 707. 

subulatum, classifn. (Oliver), 691. 

Thiebautii, classifn. (Oliver), 709. 

Totonsoni, classifn. (Oliver;, 705. 

Traversii, classifn., with fig. (Oli- 
ver), 712. 

Urvilleanum, classifn., with fig. (Oli- 
ver), 694. 

varium, classifn., with fig. (Oliver), 

700. 

vcfticillatwm, classifn., with fig. 

(Oliver), 713. 

Viemardii, classifn. (Oliver), 708. 

viride n. sp., ifiassifn., with fig. (Oli- 
ver), 699. 

mlcanicum n. hybr. sp., classifn. 

(Oliver), 697. 

DrilUa aequistriata^ ident. of (Bartrum- 
Powell), 150. 

caZlimorpha, occ. (Bartrum-Powell), 

161. 

Dryopteris novae zelandiae n. sp., with 
fig. (Oliver), 289. 

Dysoxylum spectabile, cauliflory (Pigqtt), 


EccUHcat genitalia, with flgil. (Phtipott)« 
447. 

torogrtmma, removed from Tortriis 

(Philpott), 447. 487. 

Schinomaia hispiddf in revision (Chilton 
and Bennett), 741. 

Bctopatria aspera, replaces E, provide 
and E. canescens (l^ilpott), 492. 

canescens, replaced by E, aspera 

(Philpott), 482. 

providOy replaced by E, aspera 

(Philpott). 482. 

Egustula spectabilis n. sp., with figs. 
(Powell), 366. 

Elacborbis cingulatus (Bartrum-Powell), 
141; occ., 160. 

duplicarina n. sp., with figs. (Mar- 
wick), 915. 

electricity, frictional (Burbldge), 663. 
electron, in frictional electricity, 665. 
Ellicea n. gen. (Finlay), 250. 

EmarginuZa striatuta, Kaawa beds (Bar- 
trum-Powell), 140; occ,, 160. 

r~ valentior n. subsp. (Finlay), 

235. 

Epacris rosmarinifoliuniy status of (01^ 
ver), 689. 

Epalxiphora, genitalia, with fig. (Phil- 
pott), 447. 

ephemeris of comet, 1927k (Glover), 429. 
Epxchorista, genitalia, with fig. (Phil- 
pott), 448. 

abdita, diff. from E. emphanes (Phil- 
pott), 487. 

emphanes, diff. from E. ibdita (Phil- 
pott), 487. 

fraudulenta, ident (Philpott), 487. 

Epigrapsus politus, in revision (Chilton 
and Bennett), 762. 

Epilobium Oockaynianum, host of Puc- 
cinia pulverulenta (Cunningham), 501. 

junceum, host of Puccinia pulvefu- 

lenta (Cunningham), 501. 
epiphyllous lichens. Kitchener Park 
(Zahlbruckner and ors.), 304. 

Erato mjarshalli n. sp., with fig. (Mar- 
wick), 922. 

Erebia merula, replaces E, pluto (Phil- 
pott), 481. 

pluto, name replaced by E. merula 

(Philpott), 481. 

Erythrocladia insignis sp. nov. (LaiBg)i 
56. 

Erythrocladia - Pprphyra, physiology 
(Lalng), 48; edibility, 87. 
Erythrotrichia ciliaris, history and physi- 
ology (Laing), 56. 

Estea n. sp. (Finlay), 248* 

minor, Chatham Is. (Finlay), 242. 

Eucominia iredaZei n. sp., with figs, (!2)n- 
lay), 255. 

Kuoosmidae, genitalia (Philpott), 4 M. 
Eucosoma querula, genitalia 
471. 
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EudomehUon huHmi, aculirture, wltli 
figs. (BuekniU), 626. 

— - noUHi^ ocelli In, with figs. (Buck* 
nlli)» 625. 

Eudradophytlum, claeflifn. (Oliver), 704. 
Eugtypha ciZteta, occ. (Brehm), 790. 
Eulijm areheyi il sp. (Finlay), 261. 
Eulopia (Noiomyrtea) staminifera n. gp., 
with (Marwick), 911. 

Eumarcia kmwaensUi occ. (Bartrum- 
Powell), 159, 160. 

Euphorbia ghuca^ host of MHampsora 
novae-zelmdiae (Cunningham), 495. 
Eurynolambrus austroXis, in revision 
(Chilton and Bennett), 743. 
Eurythecta, genitalia, with figs. (Phil- 
pott), 449. 

Eu 9 pinacagBi$, persistence of ^arlx (Pow- 
ell), 631. 

multinodosa n. sp., with figs. (Pow- 
ell), 634. 

wi^ricofa, occ. (Powell), 634. 

pollens, occ. (Powell), 631. 

Euspira, classifn. (Finlay), 248. 
eustatic hypothesis regarding shore-levels 
(Jobbems), 564. 

Euthrena bicincta, Chatham Is. (Finlay), 
253. 

strebeti, Chatham Is. (Finlay), 253. 

Evarnula n. subgen. (Finlay), 251, 252. 

marwicki n. sp., with hgs. (Finlay), 

252. 

Farr, C. C., research grant 1927-8, 951. 
filtration of small particles (Askew), 171. 
Finch, R. H., on chalazoidltes in pisolitic 
ash (Berry), 605. 

Findlay, H. J., grant from Hutton Mem- 
orial Research fund, 956. 

Fiona pinnata, Chatham Is. (Finlay), 
262. 

fish, N.Z., food-values (Malcolm), 85, 668. 
fishes, N.Z. (Griffin), 374. 
fishiness in dairy products, 425. 
Fissidentalium zelandicum, Chatham Is. 
(Finlay), 262. 

Flaxbourne, geology (Jobberns), 516. 
Florence, D. C. H., research grant 1927-8, 
951. 

fogs, chemical (Askew), 165. 
food-value of N.Z. fish, tofioroa (Mal- 
colm), 85; oysters, 668. 
fresh-water fauna of N.Z., 779. 
frictional electricity (Burbidge), 663. 
Fuchsia excorticata, cauliflory (Plgott), 
318. 

host of Vredo konini (Cunning- 
ham), 503. 

perscandens, host of Vredo konini 

(Cunninsham), 503. 
fulgurites, Sclnde laid. (Berry), 587. 
fumes, chemical (Askew), 165). 

Oadinia nivea, Chatham Is. (Finlay), 260. 
Oaimardia foretemm, Chatham Is. (Fin- 
lay). 272. 
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Qaleodea, occ. (Powell), 629. 

Gwri, n. sp. occ. (Marwick), 904. 

— Uneolata, Chatham Is. (Finlay), 279. 

occ. (Bartrum-Powell), 160. 

stangeri, occ. (Bartrum-Powell), 160. 

Oelophaula, genitalia, with figs. (Phll- 
pott), 446. 

vana n. sp. (Phllpott), 487. 

genitalia, Carposinidae (Phllpott), 476. 

Eucosmidae (Phllpott), 469. 

Pterophoridae (Phllpott), 645. 

Tortricidae (Phllpott), 443. 

Oigantostrea, See Ostrea, 
gill-cancer, cure of (Milligan & Rogers), 
389-390. 

glaciation. Pleistocene, Cent. Otago (Fer- 
rar), 614. 

Olossograptus, occ. (Keble and Benson), 
844-847. 

acanthus, with fig. (Keble and Ben- 
son), 859; in synop. table, 847. 

1 hinksii, with figs. (Keble and Ben- 

son), 859; in synop. table, 847. 

villosus n. sp., with figs. (Keble and 

Benson), 860; In synop. table, 847. 
glow-worm of N.Z., observations on, 426. 
Olycymeris kaawaensis, occ. (Bartrum- 
Powell), 160. 

laticostata, Chatham Is. (Finlay), 

263. 

niodesta, occ. (Bartrum-Powell), 160. 

striatularis, classifn. of (Bartrum- 

Powell), 154. 

thorn soni n. sp., with figs. (Mar- 
wick), 907. 

waipipiensis, occ. (Bartnim-Powell), 

154, 160. 

Oobiomorphus, occ. in Waipaoa Series 
(Oliver), 287. 

goitre, radium emanation and (Milligan 
and Rogers), 389. 

Goldie, B., decease of, 26. 

Gomphina (Gomphinella) , maontm, occ. 

(Bartrum-Powell), 160. 

Oondwanula tumida, Chatham Is. (Fin- 
lay), 246. 

Qonimyrtea bucMenta n. sp., with figs. 
(Marwick), 912. 

Goniopteris pennigera, Waipaoa Series, 
with fig. (Oliver), 291. 

Gore Bay, break in Tertiary sequence 
(Speight and Jobberns), 21$ . 

geology (Jobbems), 536. 

Ooyen, P., decease of, 26. 

Grapsus grapsus, in revision (Chilton and 
Bennett), 762. 

graptolite strata, subdiv. and correl. 

(Keble and Benson), 848a. 
graptolites, list of fossiliferous areas 
(Keble and Benson), 843. 

of N.W. Nelson (Keble and Benson), 

840. 

Grassmere, Lake, elevation of (Job- 
bems), 513. 
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gravel, colloid substances from abrasion 
of (Marshall), 609. 

graptolltesY2rapt,8 wick(8gcm sh thhh 
growth of beech (Simpson and Thomson), 
337-8. 

Chiildingia iutamoenHs n. sp., with flg. 

(Bucknill), 163. 

Gumina n. gen. (Finlay), 260. 

— r— dolichostoma, Chatham Is. (Finlay), 
260. 

Ourale'us, Chatham Is. (Finlay), 250. 

ngatuturaensis n. sp., with figs. 

(Bartrum-Powell), 161; occ., 160. 

(z= Mangilia) sinclairi, occ. (Bar- 
trum-Powell), 161. 

Qymnothorax nubilus, with fig. (Griffin), 
374. 

habitats, plant, list; Upper Bealey River 
Basin (Lalng and Oliver), 720. 
Habrotrocha perforata, occ. (Brehm), 790. 
Haldane, J. S., hon. member N.Z. Inst., 2. 
Hahcarcinus, in revision (Chilton and 
Bennett), 776. 

HaUmus diacanthus, in revision (Chilton 
and Bennett), 737. 

Haliotis australis, Chatham Is. (Finlay), 
236. 

iris, Chatham Is. (Finlay), 236. 

occ. (Bartrum-Powell), 161. 

virginea, Chatham Is. (Finlay), 236. 

Hamilton Memorial Fund, regulns, etc., 
958; awards of prize, 959. 

Hamoeosoma farinaria, diff. from H. 

mgella (Philpott), 485. 

Hardcastle, J.> decease of, 26. 

Harmologa, genitalia, with figs. (Phil- 
pott), 446. 

Haupiri Series, stratlgraphical position 
(Keble and Benson), 840. 

Haurakia hamiltoni, Chatham Ts. (Fin- 
lay), 241. 

Hawkswood Bluff, geology (Jobberns), 
628. 

Hebe elliptica, host of Aecidhm Hebe 
(Cunningham), 497. 

glancophylla, host of Aecidium dis- 

ciforrm (Cunningham), 496. 

— -r— macrantha, host of Aecidium Hebe 
(Cunningham), 497, 

salicifolia, Waipaoa Series, with flg. 

(Oliver), 302. 

Traversii, host of Aecidium disci- 

forme (Cunningham), 496; of A. Hebe, 
497. 

Hector Memorial Research Fund, Trust, 
etc., 956; awards of medal, 958. 

Helice crassa, in revision (Chilton and 
Bennett), 772. 

lucasi, in revision (Chilton and Ben- 
nett), 773. 

Heloecius cordiformis, In revision (Chil- 
ton and Bennett), 761. 

Bemigrapsus crenulatus, In revision 
(Chilton and Bennett), 766. 


Bemigrapsus imcudatus, in revision 
(Chilton and Bennett), 768. 

sexdentatus, in revision (Chilton 

and Bennett), 764. 

Hemiplax hirtipes, in revision (Chilton 
and Bennett), 759. 

Herpetocypris Pascheri n. sp., with flgs, 
(Brehm), 800. 

Hci'petopoma bella, Chatham Is. (Fin- 
lay), 239. 

Heterozius mtundifrons, in revision 
(Chilton and Bennett), 746. 

Hill, A. W., hon. member N.Z. Inst., 2. 

Hipponyx sp. (Bartrum-Powell), 144; 
occ., 160. 

Hochstetteria meleagrina, Chatham Is. 
(Finlay), 263. 

Hodgson, T. V., decease of, 26. 

Hoheria angustifolia, hosts of Puccinia 
PlagiantM (Cunningham), 501. 

glabrata, hosts of Puccinia Plagian- 

thi (Cunningham), 501. 

Lyalin, hosts of Puccinia Plagianthi 

(Cunningham), 501. 

Hooper Point, geology (Bartram-Turner), 
111 . 

Hoplosthethus elongaius, with fig. (Grif- 
fin), 375. 

Hovey, E. T., on chalazoidites (Berry), 
604. 

Hudson, G. V., on the N.Z. glow-worm 
Bolefophtla (Arachnocampa) luminosa; 
Abstract, 426. 

Huenia bifurcata, in revision (Chilton 
and Bennett), 735. 

Huka Creek, geology (Bartrura-Turner), 

112 . 

Hurunui Rlv. mouth, break in Tertiary 
sequence (Speight and Jobberns), 214, 
228. 

Hutton Memorial Medal . . . Trusts, etc., 
953; awards of medal, 955. 

— ; Research Fund, grants from, 

966. 

hybridization of Cassids (Powell), 629. 

Hydriomena praerupta, diff. from H. cal- 
lichlora (Philpott), 484. 

Hydrocotyle moschata var. parvifoHa var. 
nov. (Carse), 315. 

hydrogen, absorption in alkaline solu- 
tions (Askew), 180. 

hydroid, fresh-water, Tomahawk Lagoon 
(Fyfe), 813. 

Hymananthera crassifoUa, cauliflory 
(Pigott), 318. 

Ida Valley, glaciation (Ferrar), 616. 

llyocypris fallax n. sp., with flgs. 
(Brehm), 798-9. 

Imperator heliotropiuTn, CHiatham Is. 
(Finlay), 240. 

InciSura lytteltonensis, Chatham Is. (Ftn<> 
lay), 286. 

Inglis, J. K. H., research grant 1927-8, 
951. 
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International Rules of Zoological Nomen- 
clature, Amendments, 424. 

iodine in trout-goitre (Milligan and Rog- 
ers), 390. 

iron-content of pasture (Grimmett and 
Simpson), 895. 

Ischnochiton maorianus^ Chatham Is. 
(Finlay), 234. 

Janthina exigua, Chatham Is. (Finlay), 
246. 

violacea^ Chatham Is. (Finlay), 246. 

Jobberns, G., research grant 1927-8, 951. 

Kaawa Creek beds, mollusca (Bartrum- 
Powell), 139. 

Kaawatina n. gen. (Bartrum-Powell), 141. 

tnrneri n. sp., with figs. (Bartrum- 

Powell), 141, 160. 

Kahautara River, geology (Jobbern.s), 
522. 

Kaikoura Pen., geology (Jobberns), 523. 

Kaiwarra Strm., N. Canterbury, break in 
Tertiary sequence (Speight and Job- 
berns), 229. 

Kapo Walrua Stream, geology (Bartrum- 
Turner), 98. 

Kekerangu, geology (Jobberns), 517. 

Kcllya suhorUculariSf Chatham Is. (Fin- 
lay), 274. 

Kcrvia greyi, Chatham Is. (Finlay), 276. 

King Country soil (Aston), 106. 

Kitchener Park, lichens (Zahlbruckner 
and ors.), 304. 

Knightia fmsilis n. sp., with fig. (Oliver), 
295. 

Krakatau, re-establishment of vegetation 
(Turner), 64. 

Kuia vrJlicata, occ. (Marwick), 905. 

Lamellaria ophione, Chatham Is. (Fin- 
lay), 249, 

Laoma (Phrixgnathus) laroch'^i n. sp., 
with fig. (Powell), 367. 

Lamca hinemoa n. sp. (Finlay), 274. 

roHBima n. sp. (Finlay), 275. 

vexata n. subsp., with figs. 

(Finlay), 275. 

LasiograptuSf occ. (Keble and Benson), 
845, 847. 

Laspeyresia pomonella, genitalia (Phil- 
pott), 475. 

Latris lineaia, with fig. (Griffin), 381. 

Lepidoptera, N.Z., Notes and Descripns. 
(Phllpott), 481. 

Lepsia haustrmi, Chatham Is. (Finlay), 

258. 

Lepsiella soobina, Chatham is. (Finlay), 

259. 

Lepsithais n. gen. (Finlay), 268. 

youngi n. sp., with figs. (Finlay), 

259. 

Leptodiue eudoruSf in revision (Chilton 
and Bennett), 748. 

nudipeSy in revision (Chilion and 

Bennett), 747. 


heptograpBUB variegatm, in revision 
(Chilton and Bennett), 768. 

LeptograptuSj occ. (Keble & Benson), 845. 

fl(tecidu8 var. angiietuSf with fig. 

(Keble and Benson), S62; in synop. 
table, 847. 

Leptomithrax ajSHnis, In revision (Chilton 
and Bennett), 740. 

australiB, in revision (Chilton and 

Bennett), 738. 

longimanuB, in revision (Chilton 

and Bennett), 738, 739. 

LeptoBpermum Bcopariuniy manna (Wor- 
ley), 404. 

pliocenicum n. sp. (Oliver), 298. 

Leuconopsis obsoleta, Chatham Is. (Fin- 
lay), 259. 

lichens, Kitchener Park (Zahlbruckner 
and ors.), 304. 

Lima color ata, occ. (Bartrum-Powell), 
160. 

Buteri, occ. (Bartrum-Powell), 161. 

Linmtiila maoria, Chatham Is. (Finlay), 
270. 

lime-deficiency In King Country soil 
(Aston), 406. 

Limestone Range, geol. (Jobberns), 514. 

Limncrium Miielleri, notes (Gourlay), 
368. 

Limopsis parma n. sp., with figs. (Mar- 
wick), 908. 

Liolella n. sp. (Finlay), 239. 

Litsaea calicans, Waipaoa Series, with 
fig. (Oliver), 293. 

Liversidge, A., death of, 2, 25. 

Loboplax violaceus, Chatham Is. (Fin- 
lay), 234. 

Locheutis pnlla n. sp. (Philpofct), 48S. 

Lomaria proccroidcs n. sp., with fig. (Oli- 
ver), 289. 

Longimactra n. gen. (Finlay), 279. 

elongata, Chatham Is. (Finlay), 279. 

long roughy, See Hoplostethus elongatm, 
375. 

Lopadium Allanii nov. sp. (Zahlbruclc- 
ner), 311. 

subcoerulescens nov. sp. (Zahlbruck- 
ner and ors.), 312. 

Lopha glomerata, Chatham Is. (Finlay), 
268. 

pahiensis n. sp. (Finlay), 266. 

Loricata, new microscopic details (Buck- 
nill), 625. 

Lycopodium novae-zealandmim^ status of 
(Laing and Oliver), 720. 

Lyndon, Lake, Plankton of (Brehm), 
793; Boekellid from, 807. 

Lyroseila chathamensis, Chatham Is. 
(Finlay), 243. 

mackerel. See Scomber australanicmt 383. 

Macoma edgari, occ. (Bartrum-Powell), 
160. 

, gaimardi, occ. (Bartrum-Powell), 

160 . 
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Macoma huttonit occ. (Bartrum*Powell), 
160. 

liliam, Chatham Is. (Flalay), 279. 

Bpenc^i, occ. (Bartrutn-Powell), 

160. 

Buhtriquetra n. sp., with figs. (Bar- 

trmn-Powell), 157; occ., 160. 
Macrozafra suhahnormis saxatWs, Chat- 
ham Is. (Finlay), 257. 

Mactra dUcors, occ. (Bartrum-Powell), 
160. 

BcalpeUunit occ. (Bartrum-Powell), 

160. 

Magilina, Chatham Is. (Finlay), 245. 
Magnatica sutherlandi^ occ. (Marwick), 
905. 

magnetic investigations in N.Z. (Ab- 
stract), 661. 

male genitalia, See genitalia. 

MallohatUra angusta n. sp. (Phllpott), 
469. 

strigulatCy diff. from M. crataea 

(Phllpott), 490. 

Manlototo Plain, glaciation (Ferrar), 615. 
manna, manuka (Worley), 404. 
Manuherekia Valley,, glaciation (Ferrar), 
616. 

manuka-manna (Worley), 404. 
Maoricolpus roseus, Chatham Is. (Fin- 
lay), 244. 

Maoricrypta mlehrosa n. sp., with figs. 
(Marwick), 918. 

Maorimactra n. gen. (Finlay), 280. 
Mmritellina imbeXlica n. sp., with figs. 
(Marwick), 913. 

urinatoriaj occ. (Bartrum-Powell), 

160. 

maps: 

Tomahawk Lagoon, 814. 

Central Otago, 615. 

Chatham Islds., 825. 

Mount Arthur diet., showing Oraptolite 
localities, 841. 

Tarawera Mountain region, 61. 
North-east coast of S. Isld., 509. 
North-east Canterbury, 213. 
near Dunedin, showing distribution of 
Nothofagus Menziesii, 328. 
geological: 

Cape Maria van Diemen-North Cape 
area, 99. 

Takapuna-Silverdale Dlst, 865. 
Margarella fulminata, Chatham is, (Fin- 
lay), 239. 

MarginelkL allportif Chatham Is. (Fin- 
lay), 249. 

harriai, occ. (Bartrum-Powell), 150. 

hesterm n. sp., with figs. (Bartrum- 

Powell), 149; occ., 160. 

Marmula chathamensis n. sp., with figs. 
(Finlay), 259.’ 

Masson, D. 0., hon. member N.Z. Inst, 2. 
Maungamaumu Bay, geology (Jobbems), 
621. 

Umrea cwininghwmA pagoda, Chatham 
Is, (Finlay), 239. 


Uaurea tigrU, occ. Chatham Is. 
lay), 238. 

Mazm radicam, occ. (Carse), 316^. . 
Megametope rotunditrons, in revision 
(C!hilton and Bennett), 746. 
Melagraphia aethiops, Chatham Is. (Fin- 
lay), 237. 

Melampsora novae-zelandiae n. sp. (Cun- 
ningham), 495. 

Melaivchra furtiva, difference from if. 
mutana (Phllpott), 484. 

raeyricci, ident (Philpott), 483. 

pictula, ident (Philpott), 483. 

Melanopsia trifaseiata (Bartrum-Powell), 
142; occ., 160. 

Melarhaphe cincta, Chatham Is. (Finlay), 
241. 

zelandiae, Chatham Is. (Finlay), 

241. 

Melicope elliptica n. sp., with fig. (Oli- 
ver), 300. 

Melicytus ramifiorus, cauliflory, with figs. 
(Pigott), 318. 

Waipaoa Series (Oliver), 301. 

MelUteryx parm, Chatham Is. (Finlay I, 
274. 

Merelim plaga, Chatham Is. (Finlay/, 
241. 

Mesalia striolata, occ. (Marwick), 905. 
Metamelon inermis, occ. (Marwick), 905. 
meteorology, winds at Napier (Berry), 
595. 

j temperature, wind, etc., Upper Bea- 

ley (Laing and Oliver), 716. 
Metrosideros, N.Z. Species of (Oliver), 
419. 

alUfiora, revision (Oliver), 420. 

carirainea n. name (Oliver), 420. 

Colensoi, revision (Oliver), 421. 

collina, note (Oliver), 419, 428. 

diffusa, revision (Oliver), 421. 

excelsa, revision (Oliver), 422. 

kermadecensis n. name (Oliver), 

422. 

Parkinsonii, revision (Oliver), 420. 

— perforata, revision (Oliver), 421. 

rohusta, revision (Oliver), 421. 

scandens, revision (Oliver), 420. 

suhtomentosa, revision (Oliver), 421. 

umhellata, revision (Oliver), 420. 

Micrelencffius dilatatus, Chatham Is. (Fin- 
lay), 238. 

sanguineus, Chatham Is. (Finlay), 

238. 

tenebrosus, Chatham Is. (Finlay), 
238. 

httWoni, Chatham Is. (Filffay), 

238. 

Uiltha neozelanioa, occ. (Baii:rum*?%m- 
ell), 160. 

mineral content of pasturos (Ast<m}f 163. 
Mnesarcbaeq similis, dlff. from M* Hibmr 
detpha (Philpott), 490. ' ^ 

moa remains, Scinde laid* (Berif), a97. 
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Modelia ffranoeOf Chatham Is. (Finlay), 
2i9. 

Modiolus areotatus, Chatham Is. (Fin- 
lay), 271. 

fiupiatilis, Chatham Is. (Finlay), 

271. 

molluscs, hybridization, natural and arti- 
ficial (Powell), 633. 

Molyneux Valley, glaciation (Ferrar), 
616. 

Monia zelandica, Chatham Is. (Finlay), 
271. 

Monodilepas skinneri n. sp., with fig. 
(Finlay), 236. 

Monommata appendiculata, status of 
(Brehm). 791. 

Monostyla crenata, occ. (Brehm), 791. 

Montfortula chathamensis n. sp. (Fin- 
lay), 235. 

kaawaensis (Bartrum-Powell), 140; 

occ., 160. 

lyallensis n, sp., with figs. (Mes- 

tayer), 623. 

Morgan, P. G’., decease of, 25. 

Mosquito Control Committee, Auck., re- 
search grant 1927-8, 961. 

moss, Campylopus clavatus, status of 
(Sainsbury), 506. 

Motueka Subdivision, beds of (Keble 
and Benson), 842. 

'?i^\+lmau, break in Tertiary sequence 
(Sp€‘ight and Jobberns), 219. 

Pla^n and Island, geology ( Job- 
berns i3>X'543. 

Murrinops punctulata, Chatham Is. (Fin- 
lay), 239. 

Mules, C. 0., decease of, 26. 

Murdochia aranea n. sp., with fig. (Pow- 
ell), 365. 

Murex zelcmdicus, occ. (Bartrum-Powell). 
160. 

Musculus impactus, Chatham Is. (Fin- 
lay), 272. 

Myadora delta n. sp., with figs. (Mar- 
wick), 914. 

Myllitella pinguis, Chatham Is. (Finlay), 
274. 

Myodora antipodum, occ. (Bartrum-Pow- 
ell), 160. 

, lioltoni, Chatham Is. (Finlay), 272. 

Mysella unidentata, Chatham la. (Fin- 
lay), 274. 

Mytihis canaliculus^ occ. (Bartrum-Pow- 
ell), 161. 

eduliSf is M, planulatus (Chilton 

and Bennett), 775. 

plamUatuSf Chatham Is. (Finlay), 

271. 


Napenape Hills, geology (Jobberns), 542. 
Napier, prevailihg winds (Berry), 595. 
national monuments, pfeaervation, 29. 
Nehela Penardi n. sp., with fig. (Brehm), 
790. 


Nectooarcinus antarcticuSj in revision 
Chilton and Bennett), 754. 

— r— integrifrons, in revision (Chilton 
and Bennett), 753. 

Needles Point, geology (Jobberns), 516. . 
Nemocardium finlayi n. sp., with fig. 
(Bartrum-Powell), 159; occ., 160. 

pulchellum, occ. (Marwick), 905. 

Neojanacus kaawaensis n. sp., with figs. 

(Bartrum-Powell), 143; occ., 160. 
Neosolindenia n. gen., notes (Gourlay), 
370. 

cyanea n. sp. (Gourlay), 370. 

Neothais scalaris, Chatham Is. (Finlay), 
258. 

New Zealand Institute; Board of Gover- 
nors, 1928, 961; officers for 1928, 962; 
past presidents, 963; honorary mem- 
bers, 963; former honorary members, 
964; fellows of the N.Z. Institute, 965; 
ordinary members of affil. societies, 
966. 

Acts, 941, 943; regulations, 944; 

administration of Govt, research grant, 
949; endowment fund, 949. 
Nomenclature, International; Amend- 
ments to Rules, 424. 

North Auckland peninsula, geology (Bar- 
trum-Turner) , 135. 

North Cape-Maria van Diemen area, geo- 
logy (Bartrum-Turner), 98. 

Notacirsa n. sp., occ. (Marwick), 905. 
Notomyrtea, See Eulopia. 

Notoreas zopyra, diff. from N. brephos 
(Philpott), 484, 

Nothofagus forest, characteristics (Laing 
and Oliver), 718. 

fusca, Waipaoa Series, with fig. 

(Oliver), 292. 

Menzicsii, occ. near Dunedin (Simp- 
son and Thomson), 326. 

Nothopanax rcti&ulatum n. sp., with fig. 
(Oliver), 301. 

Notirus n. name (Finlay), 278. 

rejlexusy Chatham Is. (Finlay), 278. 

Notolepton sanguincum, Chatham Is. 
(Finlay), 274. 

Votomyrtea condnna, occ. (Bartrum- 
Powell), 161. 

levifoliatOy occ. (Bartrum-Powell), 

161. 

Notostrea n. gen, (Finlay), 266. 

lubra n. sp. (Finlay), 267. 

Notovola novaezelandiae, Chatham Is. 
(Finlay), 268. 

Novastoa zelandica^ Chatham Is. (Fin- 
lay), 245. 

Nucula ambrosia n. sp., with figs. (Bar- 
trum-Powell), 152; occ., 161. 

dunedinensis n. sp., with figs. (Fin- 
lay), 262. 

hartvigiana, occ. (Oliver), 287. 

niUdula^ Chatham Is. (Finlay), 262.. 

occ. (Bartrum-Powell), 161.' 


BSE 
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Nucula tersior tl sp., with figs. (Mar- 
wick), 906. 

vestiga n. sp., with flgB. (Marwick), 

906. 

N^cv^na prolellula n. Bp., with figs. 
(Marwick), 907. 

tenettula n. sp., with figs. (Bartrum- 

Powell), 168; occ., 161. 

Caro Bay, geology (Jobbems), 625. 
Odostomia, Chatham Is. (Finlay), 260. 

occ. (Bartrum and Powell), 161. 

alexmderi n. sp., with fig. (Mar- 
wick), 919. 

georgiana, occ. (Bartrum-Powell), 

161. 

Olearia arhorescens, host of Aecidimn 
Otira (Cunningham), 498. 

ilicijolia, host of Puccinia Atkin- 

9onii (Cunningham), 500. 

lacunosa, host of Puccinia perlaeois 

(Cunningham), 494. 

moschata, host of Uredo moschatue 

(Cunningham), 499. 

nummularifolia, host of Puccinia 

keae (Cunnlnghma), 494. 

pachyphylla, occ, (Carse), 316. 

OUvella neozelanica, occ. (Bartrum-Pow- 
ell), 161. 

Oliver, W. R. B., gazetted P.N.Z. Inst., 5. 
Ommatocarcinus huttoni, status of Chil- 
ton and Bennett), 767-8. 

— 7 — macgillivrayi, in revision (Chilton 
and Bennett), 767. 

OncMdelta flavescens, Chatham Is. (Fin- 
lay), 260. 

nigricanst Chatham Is. (Finlay), 

260. 

patelloides, Chatham Is. (Finlay), 

260. 

Onerahi Beds, Takapuna-Silverdale Diet. 

(Turner and Bartrum), 867. 
Onithochiton neglectus, Chatham Is. 
(Finlay), 234, 

orbit of comet, 1927k (Glover), 429. 
Ordovician, Lower and Upper, proposed 
subdivision (Keble and Benson), 848. 

graptolltes of North-west Nelson 

(Keble and Benson), 840. 

Ostracoda from Banks Pen. (Brehm), 

798. 

6 «frea, classlfn. (Finlay), 264. 

angasi, occ. (Oliver), 288. 

occ. (Bartrum-Powell), 161. 

fococarens, n. name (Finlay), 265, 

charlottae, n. sp. (Finlay), 265. 

, hefferdi n. sp. (Finlay), 265. 

sinuata, Chatham Is. (Finlay), 264. 

(Oigantostrea) wollastoni, with figs. 

(Marwick), 908. 

Otago, Central, glaciation (Ferrar), 614. 
otoliths of N.Z, fishes (Frost), 91. 
Otolithus iCongeris) rectue n, sp., with 
fig. (Frost), 98. 

ioharekuriensis n. sp., with fig. 

(Frost), 98. 


OtoHthus {CongHdcarium) cUfdenen^ xl 
sp., with fig. (Frost), 93. 

omatus n. sp., with fig. 

(Frost), 98. 

iCottus) otiakensis n. sp., with fig, 

(Frost), 96. 

— 7 — (Dentex) suhnoWUt with figs, 
(Frost), 94. 

{Elops) miocaenicuSf with fig, 

(Frost), 97. 

(Fierasfer) nuntiui (Frost), 97. 

(Maxrurus) toulai (Frost), 96. 

(Monocentris) Lemoinei, with figs, 

(Frost), 94. 

iPagellus) gregarius (Frost), 97. 

{Pereidarum>) augustm^ with fig. 

(Frost), 96. 

frequmSt with fig. (Frost), 94. 

with fig. (Frost), 94. 

(Pleuronectidarum) splendens, with 

fig, (Frost), 96. 

(Scopelus) pulcher, with fig. 

(Frost), 95. 

p- sulcatus (Frost), 96. ^ 

iSolea) Kokenit with fig. (Frosf|> 

96. 

Ovalipes lipustulatus, in revision (Chil- 
ton and Bennett), 765. 

ocellatuB, in revision (Chilton and 

Bennett), 767. 

oysters, food-value, and seasonal varia- 
tion (Malcolm), 668 . 

Ozius deplanatuSf status of (Chiton and 
Bennett), 760-1. 

truncatus, in revision (Chilton and 

Bennett), 750. 


Pacftygrapsus transversus, in revision 
(Chilton and Bennett), 762. 

PanopeuB otagoensis, in revision (Chil- 
ton and Bennett), 751. 

Paphia curta, classlfn. of (Bartrum-Pow- 
ell), 169. 

Pallium convea^us, Chatham Is. (Finlay), 
270. 

Panope zelandica, Chatham Is. (Finlay), 
282. 

Paphies australis, Chatham Is. (Finlay), 
281. 

Paphlinae n. subfam. (Finlay), 278. 

Paphirus largilUerti, Chatham Is. (Fin- 
lay), 278, 

Paradione parki, occ, (Marwick), 904. 

ParanUdppa spinosa var. affinis in revi- 
sion (Chilton end Bennett), 742. 

Paramithrax, status of genus (Chilton 
and Bennett), 788. 

Paratrophis cuneata n. sp., with fig. (Oli- 
ver), 298. 

Parengarenga Harh., geology (Bartmn’ 
Turner), 98, 114. 

Parnell Grit, Takepuni^Sllverdale dtot 
(Turner and Bartrum), 876. 
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Parsonsia olituBa n. sp., with fig. (Oli- 
ver), 802. 

particles of chemical fogs (Askew), 165. 

pasture, and bush-sictoess (Grlmmett 
and Simpson), 395. 

mineral-content (Aston), 406, 650. 

patellidae of Chatham Is. (Finlay), 240. 

Paxula n. sp. (Finlay), 256. 

— - allani n. sp., with figs. (Finlay), 
257. 

Pecten vHlUamsonif occ. (Bartrum-Pow- 
ell), 161. 

Pempheris compressa, with fig. (Griffin), 
380. 

Pcnnmtia corymbosa, Waipaoa Series, 
with fig. (Oliver), 302. 

Percnon planUsimum, in revision (Chil- 
ton and Bennett), 774. 

peridotites of n. N.Z. (Bartrum-Turner), 
98. 

Ferret, A., on chalazoidltes (Berry), 605. 

Pcrvicacia benesulcatat occ. (Bartrum- 
Powell), 161. 

stibtilissima n. sp. (Bartrum-Pow- 

ell), 161; occ., 161. 

tristiSt occ. (Bartrum-Powell), 161. 

Phacosma maorima Chatham la. (Fin- 
lay), 276. 

subrosea, Chatham Is. (Finlay), 276. 

Ph^Vim, divisions of (Powell), 630. 

status of (Powell), 636. 

Phcnatoum nozaezelandiae, Chatham Is. 
(Finlayjr, 249. 

zclandicCf Chatham Is. (Finlay), 

249. 

iCryptomeUa) crassispiralis n. sp., 

with fig. (Marwick), 924. 

Philippia luteal Chatham Is. (Finlay), 
261. 

Phylloporina cerina nov. sp. (Zahlbruck- 
ner and ors.), 310. 

Philocryptica, genitalia, with fig. (Pfill- 
pott), 448. 

Philpott, A., research grant 1927-8, 961. 

Pholadidea increnata n. sp., with fig. 
(Marwick), 914. 

phosphorus deficiency in Wairarapa soils 
(Aston), 650. 

Physcia tremens nov. sp. (Zahlbruckner 
and ors.)* 312. 

pillow-lavas of n. N.Z. (Bartrum-Turner), 
98. 

Piltmnopeus serratifronSf in revision 
(Chilton and Bennett), 749. 

PilumnuSt in revision (Chilton and Ben- 
nett), 749. 

pining in sheep (Grlmmett and Simp- 
son), 396. 

Pinnotheres^ In revision (Chilton and 
Bennett), 776. 

' — schminslandi, Ident. of (Chilton 
and Bennett), 776. 

pisolitic spheres, or chalazoidltes 
(Berry), 605. 


Pitt Isld., Chathams, geology (Allan), 
884. 

Pittosporum oblongum n. sp., with fig^ 
(Oliver), 299. 

Plagimthus antiquus n. sp., with fig. 
(Oliver), 298. 

Plagusia chabrus, in revision (Chilton 
and Bennett), 774. 

Planes minutus, in revision (Chilton and 
Bennett), 768. 

plant habitats; Upper Bealey River Basin 
(Liaing and Oliver), 720. 
plant physiology (Pigott), 317. 

; (McCarthy), 343. 

Plcmtago Brownii, host of Aecidium Plan- 
taginis-variae (Cunningham), 501. 
Platycerinm morgani n. sp., with fig. 
(Oliver), 291. 

Platyptila, genitalia (Philpott), 645. 

ferruginea, replaced by P. indahi- 

tata (Philpott), 485. 

indubitataf new name for P. ferru- 
ginea (Philpott), 485. 

'nulverulenta, ident. (Philpott), 486. 

Pla hora coelata, Chatham Is. (Fin- 
1 234. 

— uchauinslandia, Chatham Is. (Fin- 
lay), 234. 

Pleistocene, definition of limits (^Tob- 
hems), 661. 

Pteuromeris, See Yenericardia. 

Polinices blaesus n. sp., with fig. (Mar- 
wick), 919. 

chattonensis, occ. (Marwick), 950. 

huttoni, occ. (Marwick), 905. 

incertus, occ. (Marwick), 905. 

lobatus, occ. (Marwick), 919. 

Polymoria barteli n. sp. (Gourlay), 371. 
Porphyra, history and use (Laing), 34-6. 

capensiSf history (Laing), 37. 

coHmbina, history (Laing), 38; 

descripn., 39. 

laciniata, history (Laing), 37. 

nobilis, history (Laing), 37-8; des- 
cription, 39. 

perforata, history (Laing), 38. 

subtumens, history (Laing), 38; 

descripn., 45. 

umbilicalis, history (Laing), 35 and 

on. 

var. Novae Zelandiae, var. nov. 

(Laing), 63. 

vulgaris, history (Laing), 37. 

Portunus corrugatus, in revision (Chil- 
ton and Bennett), 753. 

pelagicus, in revision (Chilton and 

Bennett), 752. 

pusillus, in revision (Chilton and 

Bennett), 763. 

sayi, in revision (Chilton and Ben- 
nett), 752. 

Potamopyrgus antipodum-zelandiae, Chat- 
ham Is. (Finlay), 243. 

badia, Chatham Is. (Finlay), 243. 

Poynton, J. W., decease of, 26. 
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Pratia antfuJata, host of Aecidium^ micros^ 
tormm (Cunningham), 497. 

maerodon, host of Aeciiium micros- 

tomum (Cunningham), 497. 

Pratt, W. E., on chalazoidites (Berry), 
604. 

Prionorhynchus ecf^ardsU, in revision 
(Chilton and Bennett), 742. 

Proximitra incisula n. sp., with fig. (Mar- 
wick), 920. 

Pseudopanax crassifolium, Waipaoa Ser- 
ies, with fig. (Oliver), 301. 

Pseudotonicia cuneata, nerve-terminals in 
valves (Bucknill), 627. 

Pteridium esculentum, Waipaoa Series, 
with fig. (Oliver), 291. 

Pteris saxatilis sp nov. (Carse), 315. 

Pterophoridae, genitalia (Philpott), 645. 

Puccinia arnaudensis n. sp. (Cunning- 
ham), 491. 

ProselenOy genitalia, with figs. (Philpott), 
453. 

Protosynaema matutina n. sp. (Philpott), 
489. 

Puccinia Atkinsonii, host of (Cunning- 
ham), 500; replaces Aecidium iifarro- 
dontae, 502. 

Celmisiae, host of (Cunningham), 

501. 

— r— Orahami n. sp. (Cunningham), 492. 

hectorensis, hosts of (Cunningham), 

500. 

inornata, host of (Cunningham), 

501. 

keac n. sp. (Cunningham), 493. 

Kinseyi n. sp. (Cunningham), 493. 

kopoti, hosts of (Cunningham), 500. 

perlaevis n. sp. (Cunningham), 494. 

Plagianthi, hosts of (Cunningham), 

501. 

pounamu, host of (Cunningham), 

500. 

pulverulenta, hosts of (Cunning- 
ham), 501. 

whakatipu, hosts of (Cunningham), 

500. 

Purnell, C. W., decease of, 26. 

Pyrazus sutherlandi n. sp., with fig. 
(Marwick), 917. 

Pyrgotis, genitalia, with figs. (Philpott), 
453. 

Pyrgulina rugata, Chatham Is. (Finlay), 
260. 


Quintinia waipaoaensis n. sp., with fig. 
(Oliver), 300. 

radium emanation and goitre (Milligan 
and Rogers), 389. 

Raina, See Dosinia. 

rain-forest in N.Z., distribution (Simpson 
and Thomson), 326. 

raised beaches, n.e. coast of S. Isld. of 
N.Z. (Jobberns), 508. 


Ranunculus tenuicaiuHs, host of Tiirhur- 
cinia novae-zelandiae (Cunningham), 
504. 

Raumatia n.g., genitalia, with figs. (Phil- 
pott), 473; species included, 487. 

Ray^s bream, See Brama raii, 378. 

Reinga, Cape, geology (Bartrum-Turner), 
98. 

Resania exoptata n. sp., with figs. (Bar- 
trum-Powell), 159; occ., 161. 

research grants, 1927 and 1928, 951. 

Retriograptus, occ. (Keble and Benson), 
845. 

latus n. sp., with fig. (Keble and 

Benson), 861; in synop. table, 847. 

speciosus, with figs. (Keble and 

Benson), 860; in synop. table, 847. 

Rhlzopoda of N.Z. (Brehm), 789. 

Rhizorus marwicki n. sp., with figs. (Bar- 
trum-Powell), 152; occ., 161. 

(= Volvulella) refiexa, occ. (Bar- 

trum-Powell), 161. 

Rhopalostyhs sapida, Waipaoa Series, 
with fig. (Oliver), 292. 

Rhyssoplax aUan4homsoni, occ. (Mar- 
wick), 906. 

Richards, A. R., and Bryan, W. H., on 
chalazoidites (Berry), 606. 

Ringicula castigata n. sp., with fig. (Mar- 
wick), 925. 

Risellopsxs varia, Chatham Is. (Finlay), 
241. 

carinata, Chatham Is. (Fin- 
lay), 241. 

Rissotna chathamensis, Chatham Is. (Fin- 
lay), 243. 

Robinson, Port, break in Tertiary se- 
quence (Speight and Jobberns), 218. 

Roche fortula kaawaensis n. sp., with figs. 
(Bartrum-Powell), 157; occ., 161. 

reniformis, Chatham Is. (Finlay), 

274. 

Rolleston, Mt., fresh-water fauna from 
(Brehm), 779. 

Rostkovia gracilis, host of Puccinia am- 
audensts (Cunningham), 492. 

Rotatoria of N.Z. (Brehm), 790. 

roughy, long. Sec ffoplosteth'us elongatus, 
375. 

Ruhus australis, Waipaoa Series, with fig. 
(Oliver), 299. 

r- X parvus, notes on (Allan), 

643. 

Barkeri, notes on (Allan), 648. 

HoUmayi, parentage of, etc. 

(Allan), 643. 

Mackayi, notes on (Allan), 648. 

parvus X schmidelioides, notes on 

(Allan), 643. 

schmidelioides var. coloratus^ notes 

on, with figs. (Allan), 648. 

Ruppellioides convems; in revision (Chil- 
ton and Benhett), 752. 

Ruppia maritimat Tomahawk Lagoon 
(Fyfe), 815. 



General Index, 


1019 


Russell* J.* hon. member N.Z. Inst., 2. 

Bars, G. 0., death of, 2, 25. 

Saxicwva australis, Chatham Is. (Finlay), 
282. 

Say da, occ. in N.Z. (Brehm), 800. 

Scalpomactra n. gen. (Finlay), 280. 

— - scalpellum, Chatham Is. (Finlay), 
280. 

— occ. (Marwick), 904. 

Schoenus paudflorus, host of Urcdo 
ScJioenus (Cunningham), 499; of Cin- 
tractia Schoenus, 603. 

Science and Art, Board of. Act, 951. 

Scinde Isld., geology (Berry), 571. 

Scissurella n. sp. (Finlay), 234. 

Scolypopa australis, and manuka-manna 
(Worley), 404. 

Scomher australasicus, with flg. (Griffin), 
383. 

Scott Point, geology (Bartrum-Turner), 
98. 

seal. See Ar otocephalus, 208. 

seaweeds, See Bangiales, 33. 

Seelye, F. T., chemistry of chalazoidites 
(Berry), 689. 

Sclidoscma fluminea, diff. from S, pro- 
ductata (Philpott), 485. 

Scmeloidea donaciformts n. gen. and sp., 
with figs. (Bartrum-Powell), 168; occ., 
161. 

multisecta, with figs. (Pow- 

el^'flg42. 

Scenecif\^amsii, host of Vredo Cheese- 
manii T^unningham), 600. 

hellidioides, host of Puccinia pou- 

namw (Cunningham), 600. 

elaeagntfolius, host of Puccinia hec- 
tor ensis (Cunningham), 500. 

viridis, host of Puccinia hectorensis 

(Cunningham), 500, 

Senolella amplus n. sp., with fig. (Grif- 
fin), 376. 

Sf'sarma catenata, in revision (Chilton 
and Bennett), 773. 

pentagona, in revision (Chilton and 

Bennett), 773, 

Seaward, A. C., hon. member N.Z. Inst, 

2 . 

Shotover, glaciation (Ferrar), 617. 

Sigapatella mapalia n. sp., with figs. (Mar- 
wick), 918. 

mvae zelmdiae, Chatham Is. (Fin- 
lay), 243. 

- — terraenovae, note on (Mestayer), 
622. 

^iliquaria weldii, Chatham Is, (Finlay), 
246. 

Silverdale-Takapuna Dist, geology (Tur- 
ner and Bartrum), 864. 

silver southern-beech. See Mthofagus 
Menziesii, 826, 

Sinezona subantarctica var. (Finlay), 
235. 

Siphonalia propenodosa, classifn. of 
(Bartrum-Powell), 147, 


Siphonaria zekmdica, Chatham Is. (Fin- 
lay), 260. 

Skinner, H, D., gazetted F.N.Z. Inst, 6. 
Skjellerup, orbit of (Glover), 429. 
smoke-fogs (Askew), 167-8. 
soil and bush-sickness (G'rimmistt and 
Simpson), 395. 

lime-deficiency (Aston), 406.\ 

Wairarapa, analysis (Aston) 1650. 

Solecurtus chattonensis, occ. (MaiVick), 
904. 

Soletellina siliqua, Chatham Is. (Finlay), 
279. 

Sommerville, D. M. Y., awarded Hector 
Medal, 968. 

Spectanien egena, Kaawa beds (Bartrum- 
Powell), 140; occ., 161. 

Speight, R., obituary, J. A. Thomson, 935. 

research grant 1927-8, 951. 

Sphaerium novaezelandiae, Chatham Is. 
(Finlay), 276. 

sphagnum-bog, Mt. Rolleston, fresh-water 
fauna from (Brehm), 779. 
spheroids, or chalazoidites (Berry), 606. 
Spilonota, genitalia, with figs. (Philpott), 
469. 

Spirits Bay, geology (Bartrum-Turner), 
98. 

Spirocolpus tophina, occ. (Marwick), 916. 
Spirula spirula, occ. (Finlay), 233. 
Spissatella poroleda, occ. (Marwick), 904. 
Spisula aequilatcralis, occ. (Bartrum- 
Powell), 161. 

— : gill)erti, occ. (Bartrum-Pow- 

ell), 161. 

ordtnaria, occ. (Bartrum-Powell), 

161. 

Spongioderma vickersi n. sp., with figs. 
(Benham), 81. 

stem-flowering (Plgott), 318. 

Stenoptilia, genitalia, with figs. (Phil- 
pott). 645. 

Stenorhynchus fissifrons, in revision 
(Chilton and Bennett), 735. 
Streblocerus serricaudatus var. Novae- 
Zealandiae n. var., with fig. (Brehm), 
791. 

Strigula africana, occ. (Zahlbruckner 
and ors.), 310. 

Strioturhonilla, See Turbonilla. 
striped angler. See Anterinarius striatus, 
387. 

Struthiolaria arthritica n .sp., with figs. 
(Bartrum-Powell), 142; occ., 161. 

illepida n. sp., with fig. (Bartrum- 

Powell), 143; occ., 161. 

pseudovermis n. sp., with figs. (Bar- 
trum-Powell), 142; occ., 161. 

subspinosa, occ. (Marwick), 905. 

Subonoba, Chatham Is. (Finlay, 241. 
surface-tension, electrical (fiurbidge), 
664. 

Suttonia australis, cauliflory (Piggott), 
318. 
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S^ndyo^raptuSf occ. (Keble and Benson), 
845. 

— ^ artus n. sp.. with figs. (Keble and 
Benson), 861; in synop. table, 847. 
Sypharochiton pellUierpentiSt Chatham 
. Is. (FinlayV, 234. 

sinclatrii, Chatham Is. (Finlay), 

234. 

Bymola aclyfomis n. sp., with flg. (Mar- 
, wick), 920. 

wallacei n. sp., with fig. (Mar- 

. wick), 919. 

takapnna-Silverdale Diet., geology (Tur- 
ner and Bartrum),, 864. 

Talopiidae n. fam. (Finlay), 238. 
Taputaputa Stream, geology (Bartrum- 

* Turner), 98. 

Tarawera, re-establishment of vegetation 
(Turner), 60. 

Taria suMrimgulata, Chatham Is. (Fin- 
lay), 280. 

Tauwakewake Creek, geology (Bartrum- 
Turner), 113. 

Tawera, classifn. (Finlay), 276. 

hartrumi scope of (Bartrum-Pow- 

ell), 159; occ., 161. 

marionae n. sp., with figs. (Finlay)- 

277. 

mesodesma, Chatham Is. (Finlay), 

278. 

— r— spissa, Chatham Is. (Finlay), 278. 
Tellina huttoni sterrha^ ident. of (Bar- 
trum-Powell), 157. 

Terehra henesulcata, classifn. of (Bar- 
trum-Powell), 151. 

Tertiary Molluscan Fauna, Chatton (Mar- 
wick), 903. 

sequence, N. Canterbury, break in 

(Speight and Jobberns), 213. 

Tethys n. sp, (Finlay), 261. 

hrunnea, Chatham Is. (Finlay), 261, 

Tetragraptus, occ. (Keble and Benson), 
844, 845, 847. 

insuetus n. sp., with figs. (Keble 

and Benson), 854; in synop. table, 847. 

tdbxdus n. sp., with fig. (Keble and 

Benson), 856; in synop. table, 847. 
Thalamita sima. in revision (Chilton and 
Bennett), 755. 

Thaumasura resplendens n. sp., with fig. 
(Gourlay), 373. 

Thomson, J. A., hon. member N.Z. Inst, 

* 2 . 

Obituary, 936. 

Thorista viridis, Chatham Is. (Finlay), 
237. 

Thoristella chatharrvensis, Chatham Is. 
(Finlay), 237. 

Thyasira flexuosa, occ. (Bartrum-Powell), 
161. 

Tilletia Anthoxanthif occ. (Cunningham), 
503. 

iQheroa and toheroa soup, food-value 
(Malcolm), 85. 


Tomahawk Lagoon, fresh-water Hydrold 
from (Fyfe), 813. 

Tom Bowling Bay, geology (Bartrum- 
Turner), 98. 

Tongariro National Park Board Act 952» 

Tortricldae, male genitalia (Philpott), 
443. 

TortriXf genitalia, with figs. (Philpott), 
450. 

incendaria, removal from EccUtica 

to Tortrix (Philpott), 487. 

Traversia haccharoideSf host of Aecidium 
Traversiae (Cunningham), 498. 

Trichomusculus "barhatuBy Chatham Is^ 
(Finlay), 272. 

Trichoplatus huttoniy in revision (Chilton 
and Bennett), 736. 

Trichosirius immatus chatUamensis, 
Chatham Is. (Finlay), 244. 

Trigonostoma christieiy occ. (Marwick), 
905. 

Triviella memoratay Chatham Is. (Fin- 
lay), 249. 

Trochus Ubaphus n. sp., with figs. (Bar- 
trurorPowell), 140; occ., 161. 

trout, gill-cancer (Milligan and Rogers), 
389-90. 

trumpeter, See Latris lineatay 381. 

Tnangia crassicostatay Chatham Is. (Fin- 
lay), 278. 

tubules of volcanic ash (Berry), 587. 

Tugalia elegmsy Chatham Is. (F^'tay), 
235. 

kaawaensiSy occ. (Bartrum-Powell), 

161. 

opuraensiSy with flg. (Bartrum-Pow- 
ell), 140; occ., 161. 

suteriy Chatham Is. (Finlay), 235. 

Turbo postulatus, with figs. (Bartrum- 
Powell), 141; occ., 161, 

Turbonilla n. sp. (Finlay), 260. 

zelandicUy Chatham Is. (Finlay), 260. 

{Strioturbonilla) chattonensis n. sp. 

with figs. (Marwick), 920. 

Turburcinia novae-zelandiac n. sp. (Cun- 
ningham), 504. 

Turia chattonensiSy occ. (Marwick), 905. 

Turner, F. J., research grant 1927-8, 961. 

Turria bimarginatuSy occ. (Bartrum-Pow- 
ell), 161. 

duplex (Bartrum-Powell), 151. 

Turritella Huttoni (Bartrum-Powell), 
142; occ., 161. 

symmetricay occ. ( Bartrum-Powell) ^ 

161. 

Twilight Bay, geol (Bartrum-Tumer), 
98. 

Typha angustifoUay Waipaoa Series (Oil* 
ver), 292. 

Ubevy status of name (Marwick), 918- 

kaawaensiSy occ. (Bartrum-Powell) r 

145, 161. 

propeovatuSy occ, (Bartrum-Pow^l)r 

145, 161. ' 
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merem vitrea, Chatham la. (Finlay), 
248. 

Vca huttonif In revision (Chilton and 
Bennett), 761. 

thomsoni. In revision (Chilton and 

Bennett), 761. 

llndnia uncinatat form of name (Laing 
and Oliver), 722. 

Uredinales of N.Z., sixth suppt. (Cunning- 
ham), 491. 

Vredo Bwwnii, replaces V. southlandicus 
(Cunningham), 502. 
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